
13th AEC AIR CLEANING CONFERENCE 

SESSION VIII 

RADIOIO~Idi REYOVAL 

WednesdaJl, August 14, 197'4 
CHAIRMAN: Victor Deitz 

DEVELOPMENT AND PERFORMANCE EVALUATION OF Ai"4 IMPROVED STANDBY GAS 
TREATMENT SYSTEM FOR ENRICO FERMI - UNIT 2 

1-I. Parish, L.E. Schuerman 
D. Siegwarth 

ELEMENTAL IODINE AND METHYL IODIDE ADSORPTION ON ACTIVATED CHARCOAL 
AT LOW CONCENTRATIONS (WORK PERFORMED AT OHIO STATE UNIVERSITY) 

R.R. Bellamv 

THE BEHAVIOR OF HIGHLY RADIOACTIVE IODINE ON CHARCOAL 
R.A. Lorenz, W.J. Martin 
H. Nagao 

IODINE FISSION PRODUCT MASS TRANSFER IN ADSORBENT MEDIA 
J.L. Kovach, J.R. Hunt 

EFFECT OF ALKALI METAL CONTENT OF CARBON ON RETENTION OF IODINE AT 
HIGH TEMPERATURES A.G. Evans 

SOLID ADSORBENTS FOR COLLECTION AND STORAGE OF IODINE-129 FROnfl 
REPROCESSING PLANTS D,.T. Pence, B.A. Staples 

TESTING AND EVALUATION OF ABSORBERS FOR GASEOUS PENETRATIVE FORMS 
OF RADIOIODINE M.J. Kabat 

PERFORMANCE OF NON-COCONUT BASE ADSORUERS IN REMOVAL OF IODINE AND 
ORGANIC IODIDES M. Pasha, E.E. Fowler, 

R.D. Rivers, J.M. Goldsmith 

ADSORPTION OF METHYL IODIDE ON IMPREGNATED ALUMINA 
I.J. Gal, A. Muk, M. Todorovic, 
J. Rajnvajn, D. Cvjeticanin, 
L. vujisic, J. Rajnvajn 

IODINE SCRUBBING FROM OFF-GAS WITH CONCENTRATED NITRIC ACID 
0.0. Yarbro, J.C. Mailen, 
W.S. Groenier 

THE CALCULATION OF CHARCOAL HEATING IN AIR FILTRATION SYSTEMS 
E.A. Bernard, R.W. Zavadoski 



13th AEC AIR CLEANING CONFERENCE 

DEVELOPMENTANDPERFORMANCEEVALUATION 
OF AN IMPROVED STANDBY GAS TREATMENT 

SYSTEM FOR ENRICO FERMI - UNIT 2 

Harold C. Parish 
CVI Corporation, Columbus, Ohio 

Larry E. Schuerman 
Detroit Edison Company, Detroit, Michigan 

Dr. David P. Siegwarth 
Nuclear Energy Division 

General Electric Company, San Jose, California 

Abstract 

The Enrico Fermi Atomic Power Plant - Unit 2 utilizes two natural draft 
cooling towers. These large structures create the potential for entrainment of 
the stack effluent in a down wash from the leeward side of the cooling towers, 
thereby reducing the effectiveness of the stack. Thus, a stack of reasonable 
height would not be sufficient to secure compliance with 10 CFR 100 under design 
basis accident conditions. 

Detroit Edison evaluated three methods for further reducing the potential 
doses and hence complying with 10 CFR 100. The solution chosen by Edison was 
to develop a Standby Gas Treatment System of advanced design which could justi- 
fiably be credited with an iodine removal efficiency of 95 percent or higher (90% 
maximum was the AEC standard prior to the issuance of Regulatory Guide 1.52). 
A Standby Gas Treatment System, manufactured by the CVI Corporation, was 
chosen for this application. The CVI system features an all welded, submerged 
inlet carbon adsorber design which assures high performance by eliminating all 
elastomer seals and thereby, the chance for bypassing of the charcoal. 

In order to secure credit for higher iodine removal efficiency, system 
performance was demonstrated by testing a large scale system under simulated 
design basis accident conditions. The test program was conducted by the Gener- 
al Electric Co. at General Electric’s Gas Technology Facility, Vallecitos Nu- 
clear Center. The unit tested was a 400 cfm module supplied by the CVI Corpo- 
ration which incorporated the same design features as the full scale unit. 

I. Introduction 

One of the criteria imposed by the Atomic Energy Commission (AEC) up- 
on an applicant who seeks to operate a light water cooled nuclear power reactor 
is that the applicant prove he can do so in accordance with Title 10, Code of 
Federal Regulations, Part 100 (10 CFR 100). 
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This regulation, in part, requires that any person (1 j located at any 
point of the exclusion boundary for two hours, or (2jlocated at any point of the 
outer boundary of the low population zone (during the entire period of passage 
of released fission products), not receive a total radiation dose to the whole 
body in excess of 25 rem, or a total radiation dose in excess of 300 rem to the 
thyroid from iodine exposure. These limits are applied to potential reactor 
accidents which have an exceedingly low probability of occurrence. 

The most radiologically significant potential reactor accident is the Loss 
of Coolant Accident (LOCA). The LOCA is defined as a circumferential re- 
actor-coolant recirculation pipe line rupture. This potential accident has been 
analyzed for Enrico Fermi Unit 2 (EF-2) in accordance with extremely conser- 
vative assumptions of core melt and fission product release. (Detroit Edison 
is the Owner and Architect-Engineer for EF-2 which is under construction on 
the western shore of Lake Erie, approximately 30 miles southwest of the City 
of Detroit. The plant will have a nominal electrical capacity of 1150 megawatts 
and utilize a General Electric Company Boiling Water Reactor). 

One of the Engineered Safety Systems used during a LOCA is the Stand- 
by Gas Treatment System (SGTSj. The SGTS effluent was originally to be re- 
leased from a 100 meter freestanding stack. The benefits of releasing the ef- 
fluent from the tall stack were essentially negated with the advent of two natural 
draft cooling towers, each 122 meters high. The intermingling of the effluent 
plume with the potential downwash from the leeward side of the cooling tower is 
the principal reason. It is generally concluded(l) that the turbulence generated 
by large structures or buildings will not cause downwash from a stack, provided 
the stack is at least two and one-half times the height of any structure located 
within twenty (20) stack heights of the stack. This would then require that the 
frees tanding stack, to be truly effective, would have to be 305 meters tall or lo- 
cated outside of the exclusion boundary. It is obvious that neither approach was 
realis tic. 

Prior to the Atomic Energy Commission issuance of Regulatory Guide 
1. 52, all SGTS designs had been limited by the AEC to an overall system effi- 
ciency of 90 percent (maximum) in the licensing of Boiling Water Reactors. 
Faced with the requirement to provide additional means to limit the potential 
doses from the postulated LOCA to below the requirements of 10 CFR 100, Edi- 
son considered 3 possible alternative solutions: 

1. Provide an engineered air-recirculation system in the Secondary 
Containment. A reduction by a factor of 2 in the fission products released from 
secondary containment should be achieved by using this system. This system 
was not pursued because the addition of this system alone was not capable of 
reducing the doses sufficiently. 

2. Increase distance to exclusion boundary and increase the distance 
to the outer boundary of the low population zone. Dose reductions provided by 
this alternative required doubling the distance to the site boundary (from 915 
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meters to approximately 1800 meters). Studies indicated this solution would be 
prohibitive in cost. 

3. Prove that an appropriately designed SGTS could justifiably be 
credited with an iodine removal efficiency of 95 percent or higher. 

The last solution was considered to be the best single alternative for re- 
ducing the calculated potential dose. Edison, therefore, elected to seek or de- 
velop a SGTS which was an improvement over previous designs. 

II. Design of an Improved SGTS 

A. Sys tern Description 

The design of the entire SGTS, as supplied to Edison, will be described 
briefly with the aid of Figure 1. 

Air from the secondary containment is introduced into a demister/rough- 
ing filter section. Water droplets and particulate matter larger than 10 micron 
are removed in this section. From the roughing filter the air passes through a 
prefilter section where additional particulates are removed. The prefilter 
efficiency is 85% NBS atmospheric stain (dust spot) average. The air is then 
directed to an electric heater which raises the air temperature from 135 De- 
grees F (max. 1 to 150 Degrees F. That temperature increase assures that the 
relative humidity will not exceed approximately 70%. 

The very fine particulates are then removed in the high efficiency parti- 
culate absolute (HEPA) filters with a removal efficiency of approximately 
99. 97% for particles 0. 3 micron in diameter or larger. From the HEPA filter, 
air is introduced into the carbon adsorber section where radioactive isotopes 
of iodine are removed through a mechanism of adsorption and isotopic exchange 
on K13 impregnated carbon. The carbon adsorber will be discussed more com- 
pletely in later sections. Air from the carbon adsorber section is then direct- 
ed to the downstream HEPA filters where any carbon dust which may have been 
carried over from the carbon is removed. The air is then discharged by an 
exhaust fan through a roof vent into the atmosphere. 

B. Carbon Adsorber Design Considerations 

The net system removal efficiency for gaseous phase, radioactive iodine 
and methyl iodide may be considered to be a function of both the performance 
of the adsorbent and a system “mechanical efficiency” term. The term mechan- 
ical efficiency is used here to represent all factors contributing to a potential 
reduction in system performance other than the limitations of the adsorbent 
operating under design conditions. 
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The performance of the adsorbent is affected by mass transport rates, 
the residence time of the methyl iodide in a physically adsorbed state (to be 
distinguished from gas residence time) and the kinetics of the isotopic ex- 
change phenomena. The above parameters are affected by such design vari- 
ables as particle size, relative humidity of the gas stream and system tem- 
perature. The above listing is not intended to be all inclusive but is pre- 
sented for illustrative purposes. 

Factors to be considered in the mechanical efficiency of the system in- 
clude bypassing of the adsorbent and uniformity of flow through the adsorbent 
or flow channeling. Historically, the potential for bypass flow has been a 
factor in limiting the credit given for system performance. To this extent, the 
system efficiency would be governed by the mechanical efficiency of the system 
rather than by the performance of the adsorbent. 

The system described herein incorporates the HECATM (CVI trade 
name for High Efficiency Carbon Adsorber) which eliminates the potential for 
bypassing of the adsorbent. The mechanical efficiency is considered to 
approach 100% and the performance of the HECATM in the removal of gas- 
eous phase, radioactive elemental iodine and methyl iodide is expected to be 
limited principally by the performance of the adsorbent (carbon). 

A summary of design features which are incorporated in the HECATM 
unit supplied for the Detroit Edison Company are as follows: 

1. The carbon filter is designed with a submerged inlet such that 
any flow path from inlet to outlet of the adsorber must be through charcoal of 
sufficient depth to remove any radioactive iodine or methyl iodide with an effi- 
ciency of greater than 99. 99% under design conditions. 

2. The system is designed such that any possible leakage through 
gasketed access doors, ports, etc., would be in-leakage into the filter housing. 

3. The carbon beds are designed to ensure uniform flow of contain- 
ment air across each of the bed face areas. Any permissible degree of non- 
uniformity must lie entirely within the range of proven bed adsorption capacity. 

4. Provisions are made to empty the carbon when required and to 
refill without compromising the integrity of the seal weld. 

C. Carbon Adsorber Description 

Attention is directed to Figure 2 which shows, in perspective, the 
carbon adsorber section of the SGTS. This section, shown with the outer 
housing removed, is comprised of six (6) carbon beds in parallel, each shar- 
ing the common inlet duct. The air flow is directed through the carbon as 
indicated by the flow arrows in Figures 2 and 3. The clean air is then contain- 
ed by an outer housing (not shown in Figure 2), which acts as the common out- 
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let duct for transmission to the downstream particulate filters and subse- 
quent venting. 

Figure 2 illustrates the submerged inlet concept wherein the inlet 
screen is submerged within a bed of carbon. Further, all seal welds, which 
isolate the inlet duct from the outlet duct, are located in the inlet duct and are 
accessible from one of two access plates for inspection, testing, and if neces- 
sary, repair. This design approach assures that any flow path from inlet to 
outlet of the adsorber is through carbon of sufficient depth to ensure attainment 
of the design efficiency. 

Figure 3 is a schematic drawing of the carbon adsorber section, re- 
presenting a cross sectional view through the beds. 

As indicated in Figure 1, the fan is located downstream of the SGTS so 
that the SGTS operates slightly below atmospheric pressure and any air leak- 
age through gasketed doors, etc., is into the SGTS. 

The air passages, including the inlet duct, the inlet and outlet plenums 
(air volume between 6” adsorber elements) and the outlet duct are designed to 
obtain a balanced flow. That is, the system was designed to assure a mini- 
mum residence time for each of the adsorber elements. This was accom- 
plished by maximizing the ratio of flow resistance in the carbon to flow resis- 
tance in the air spaces and by balancing flow resistance in the air spaces. 
These precautions minimize any tendency for flow channeling; flow channeling 
could cause less than minimum residence time for a portion of the flow. These 
engineered features were demonstrated and 

5 
roven by flow tests conducted at 

the Ohio State University. The test results( ) showed that the pressure drop 
through the bed varied by no more than + 3% across the face of the bed. There- 
fore, the face velocity would vary by no-more than f 2.3’70, since the pressure - 
drop was shown to vary as: 

1.4 
AP= aV (a = constant). 

For the purpose of draining used carbon, a specially designed change 
cart is utilized. Carbon loading and unloading is performed only at the time 
when a carbon change becomes necessary as determined by a sampling pro- 
gram. The remote change out equipment is described in Reference(S) and 
therefore, will not be discussed here. The important design consideration, 
in the context of this paper, is that the carbon can be replaced without compro- 
mising the integrity of the seal weld. 

III. Testing of the Improved SGTS Design 

Based on the design rationale as described above, it was believed that 
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the system performance would approach the performance of the adsorbent. As 
a step in fulfilling a licensing commitment, Edison decided to support this con- 
cept by testing a large scale adsorber unit. The test filter module was furnish- 
ed by CVI Corporation and Detroit Edison funded the test program which was 
conducted by General Electric Co. , at it’s Vallecitos Nuclear Center Gas Tech- 
nology Facility. (4) 

A. Test Conditions 

The test was conducted under simulated LOCA conditions. A compari- 
son of the LOCA conditions t5) and the test conditions is tabulated in Table 1, 
along with design parameters for the system supplied to Edison and the test mo- 
dule. 

Table I 

Comparison of Test Conditions and Test 
Equipment With LOCA Conditions and Equipment Supplied to 

Edison 

Variable LOCA Condition Test Conditions 

Temperature (Degrees F) 150 147-167 
Relative Humidity (%) 70 O-83 
Duration of Flow (days) 30 0. 08-32 
CH3I Loading (mg/g carbon) 0. 25 0. 064-O. 292 
I2 Loading (mg/g carbon) 2.25 0 
Flow (CFM) 1000-4000 329-406 
Adsorber Flow Area (ft2) 100 10 
Adsorbent Depth (in) 6 6 
Superficial Gas Velocity (fpm) 10-40 32. 9-40. 6 
No. of Beds 6 2 

About 90% of the iodine released to the SGTS after a LOCA is in the 
elemental form and 10% is assumed to be in the organic form as methyl iodide. 
A mixture of nonradioactive methyl iodide traced with radioactive methyl io- 
dide (CH3 1311) was used in this test program to measure the ability of the car- 
bon beds to immobilize radioactive methyl iodide. Previous data on KI3 im- 
pregnated carbons have shown the removal efficiencies for elemental iodine 
are at least an order of magnitude greater than the methyl iodide removal effi- 
ciencies. c6-8) Therefore, if one assumes the removal efficiency for elemental 
iodine is at least equal to that measured with methyl iodide, a conservative 
estimate of the overall SGTS carbon bed performance is obtained. 
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B. Experimental Equipment 

The 400 cfm SGTS test facility shown schematically in Figure 4 is de- 
signed to simulate the above mentioned LOCA operating conditions. The facil- 
ity consists of the following major components: 

1. Inlet air flow measurement section; 

2. Constant volume flow controller; 

3. Teflon coated prefilter; 

4. Electric duct heater; 

5. Electric boiler-steam humidifier system; 

6. CVI test filter section which consists of (a) Teflon-coated de- 
mister element, (b) (HEPA), (c) four 2. 5-ft2 by 6-in. deep carbon sections, 
and (d) a second HEPA; 

7. Backup filter section containing (a) electric duct heater, (b) tray 
type backup carbon filter, and (c) HEPA filter; 

The operation of the test facility can be described as follows: 

131 
1. The CH3I and CH3 I are added to the air stream at a fixed flow 

rate. In the first two tests, the methyl iodide labeled with CH31311 and addi- 
tional unlabeled CH3I were added to a 5 gallon stainless steel storage cylinder 
and pressurized with nitrogen. The CH31-CH3l 31 I mixture was added to the 
system from the pressurized cylinder. Following the second test, the facility 
was modified so that liquid CH3I could be metered into the air duct with a 
syringe pump and the cylinder was used for the CH3l 311 gas mixture only. 

2. The air is heated with an internal duct heater (heater downstream 
of prefilter in Figure 4). It should be noted that the entire duct downstream of 
this heater is traced with electrical heaters and is fully insulated. 

3. The hot air is humidified with superheated steam. The humidity 
is normally manually controlled and monitored with several LiCl type dew 
point probes. 

4. Water droplets are removed from the air stream by a demister 
followed by removal of particulates by a HEPA filter. 

5. The CH3 131.1 is removed by the adsorbent in the CVI HECATM 
test module. 

6. Particulates such as carbon dust are removed by a second HEPA 
filter. 
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7. The gas stream is heated with an internal duct heater to approxi- 
mately 185 Degrees F to reduce the relative humidity. 

131 
8. The remaining CH3 I is removed by the backup carbon bed. 

9. Dust in the gas &ream is removed by a third HEPA filter. 

10. The gas is discharged to the building exhaust system by a high- 
head blower. The blower maintains the entire system at negative pressures 
(approximately 4 in. water gage at the methyl iodide injection point and 10 in. 
water gage at the blower suction). 

Figure 5 is a picture of the test facility. The inlet is at the right side 
of the picture and the discharge is near the center at the top of the picture. 

A continuous sample flow (approximately 4.4 liters/min. ) is drawn 
from the duct immediately upstream of the carbon beds and transferred through 
a heated, insulated sample tube to a fume hood in the laboratory. The sample 
gas is passed through a hot water jacketed column containing two 3-in. deep 
carbon beds. The water is removed from the sample column effluent and the 
flow of dry air is measured with a rotameter. Upstream of the sample column, 
about 100 cc/min. of gas is diverted to an electron capture detector gas chro- 
matograph for CH31 analysis. 

The test carbon bed inlet activity is determined by removing the car- 
bon from the inlet sample column after the test, placing each of the two 3-in. 
layers of carbon in separate Petri dishes, and then transferring the samples 
to the radiochemical counting laboratory for Iodine- 131 analysis. The quan- 
tity of CHQI loaded on the carbon test bed is calculated from the results of the 
gas chromatographic analyses. 

The test carbon bed outlet samples are taken downstream of the second 
HEPA to ensure that the sample will be representative of the bulk flow. The 
outlet sampling system is shown in Figure 6. Approximately 75 liters/min. 
are drawn through the sample system by the diaphragm vacuum pumps in the 
lower right hand corner of Figure 6 and then discharged to the duct again 
immediately upstream of the system discharge fan. The sample gas first 
passes through a water-cooled heat exchanger where the gas is cooled and the 
moisture condenses. The water from the heat exchanger is collected in a 
plastic bottle (lower left corner of Figure 6). The gas then passes through a 
mass flow meter which continuously indicates and totalizes the flow. From 
the flow meter, the gas stream goes to the oven where it is first preheated to 
150 Degrees F and then flows through the outlet sampler carbon beds. 

The close-up view of the outlet sampler is shown in Figure 7. The 
sampler was developed for this program to allow large sample flow rates, 
and therefore, increase the sensitivity for low levels of activity in the sample 
gas. The quantity of carbon in each 2. 75 in. dia. by 3 in. long section 
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Figure 7. Large scale SGTS sampler. 
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(approximately 90 g) is too large for the normal counting dishes, therefore, 
the sampler was designed to allow counting of the carbon in the same plastic 
containers as used in the individual sections. After the completion of a test, 
the sampler is taken to a fume hood, the tie bolts removed, the metal sections 
replaced by a plastic cap (Figure 7), the sampler sections shaken to mix up 
the carbon, and then the sections transferred to the radiochemical counting 
laboratory for analysis. Geometry factors were determined for the sampler 
sections to permit conversion of the count rate to microcuries. The carbon 
test bed removal efficiency is calculated with the following equation: 

Removal Efficiency (%) = 100 l- VIA2 [ I V2Al 

where as shown in Figure 8: 

Vl = inlet sampler flow, //min, 

V2 = outlet sampler flow, J/min, 

A1 = inlet sampler activity, PCi, 

A2 = outlet sampler activity, PCi. 

The detection limits for each section of the inlet and outlet sampler 
beds are 5x10-5pCi and 1x1 Om4,Ci respectively. 

C. Results And Discussion 

CH3131 
A summary of the operating conditions and experimentally measured 
I removal efficiencies for the individual tests is given in Table 2. The 

normal test procedure was to precondition the carb n test bed for 1 hour with 
hot, humid air; then load the bed with a CH31-CH3 1% I mixture for 2 hours; 
followed by a 1 hour postconditioning period with hot, humid air; and finally, 
removal of the carbon from the samplers for counting. With the exception of 
Test 6, the test duration times given in Table 2 represent the methyl iodide 
loading period only. Test 6 was continued for 771 hours to simulate SGTS 
operation for the 30 day post-LOCA period, during which time the primary 
containment leakage is assumed to continue. The steam flow (70% relative 
humidity) was only maintained for the first 122 hours, since the prim 
tainment pressures and temperatures are near ambient after 5 days. 4f 

9’ con- 
To 

determine the effect of continuous operation on the carbon residual removal 
efficiency, the normal quantity of CH3I was divided into three equal portions 
for Test 6 and loaded at three different times. The CH3I loading and sam- 
pling schedule for Test 6 is given in Table 3. 
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Table 3 Test 6 Time Schedule 

Time, hours 

24 
48 
72 
96 

119 
121 
122 

168 
336 
528 
672 
768 
770 
771 

Comments 

Operating temperature and humidity attained. 
Start first addition of CH31-CH31311 mixture. 
Stop CH31-CH3 1 3 l1 addition. 
Remove carbon from carbon bed inlet and out- 
let samplers for counting, 
Remove carbon from outlet sampler for counting. 
Remove carbon from outlet sampler for counting. 
Remove carbon from outlet sampler for counting. 
Remove carbon from outlet sampler for counting. 
Start second addition of CH31-CH31311 mixture. 
Stop CH31-CH31311 addition. 
Stop steam addition. Remove carbon from inlet 
and outlet samplers for counting. 
Remove carbon from outlet sampler for counting. 
Remove carbon from outlet sampler for counting. 
Remove carbon from outlet sampler for counting. 
Remove carbon from outlet sampler for counting. 
Start third addition of CHQI-CHQ~~~I mixture. 
Stop CH31-CH31311 addition. 
Stop test and remove carbon from inlet and out- 
let samplers for counting. 
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The temperatures and relative humidities (RH) in Table 2 are the car- 
bon test bed inlet conditions. The listed flow is the volumetric flow rate at 
the test bed inlet temperature and RH. The volume of carbon through which 
the gases flow is taken to be equal to the total screened area of the test bed 
(10 ft2) times the bed thickness (0. 5 ft). The carbon packing density is about 
31 lb/ft3 to give a usable carbon weight of 155 lb. although the test module 
total carbon inventory is approximately 400 lb. 
CH3131 

The CH3I loadings and 
I activities reported in Table 2 are based on a carbon weight of 155 

lb. 

As previously mentioned, the methyl iodide for Tests 1 and 2 was 
metered into the test facility as a gas from a pressurized cylinder containing 
a mixture of CH3 1311, CH3I and nitrogen. However, modification of this pro- 
cedure was necessary because, at the required’high concentrations for these 
tests, the room temperature vapor pressure of CH3I was exceeded in the pres- 
surized cylinder and some liquid CH3I remained in the cylinder. In Tests 3 
through 7, this problem was overcome by using the pressurized cylinder for 
the radioactive CH3I only and adding the nonradioactive CH31, as liquid, to 
the system with a syringe pump. The quantity of CH3I actually injected in 
each test with the syringe pump was equivalent to 0.24 mg/g carbon. 

The concentration of CH3I in the test bed influent was measured with 
an electron capture detector gas chromatograph. The CH3I loadings report- 
ed in Table 2 were based on the gas chromatographic analyses. Except for 
Test 3 (62%) the reported loadings are 75 to 850/O of the quantity actually in- 
jected with the syringe pump, which is within the limits of accuracy of the 
data. As will be discussed later, condensation within the test system occur- 
red in Test 3 and the CH3I washed out by the condensate probably accounts for 
the observed lower bed inlet concentration. 

Tests were performed without carbon in the test bed to determine 
whether the sample gas is representative of the bulk gas flow. The agree- 
ment between the test module inlet and outlet CH3I concentrations was within 
10% which is within the limits of accuracy of the gas chromatographic anal- 
yses. A test was also performed with CH3131 I and the agreement between 
the inlet and outlet activity concentrations was within 16%. It should be noted 
that a + 16% error in the measured activity would change the percent removal 
efficiencies reported in Table 2 by less than f 0. 001. 

The CH3 ’ 311 activity loadings (Table 2) are calculated from the total 
activity (Al ) measured on the inlet sampler. The CH3131 I tracer supplied for 
the tests was not calibrated, therefore, it was not possible to determine an 
activity balance. 

The removal efficiencies for Tests 1, 2 and 6A indicate the reproduc- 
ibility of the data, since except for the CH3I loadings the experimental con- 
ditions were essentially identical. The activity of each of the three sections 
of the downstream sampler was less than the detection limit (1x10’4yCi) in 
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all tests except for Test 3. The removal efficiencies reported in Table 1 were 
calculated assuming the downstream sampler contained 3~10~~ PCi of CH31311. 
Therefore, the indicated removal efficiencies are conservative and actually 
represent the detection limits of the experimental equipment rather than the 
limitation of the HECATM test module. 

The low removal efficiency observed in Test 3 was due to moisture on 
the carbon bed. As previously explained, the inlet air is heated before humi- 
dification, and the duct walls are traced with electric heaters and insulated 
to prevent condensation upstream of, or on, the test carbon bed. However, 
the wall heaters did not maintain the walls of the entire test module above the 
dew point of the gas (144” F in Test 3) and the subsequent condensation re- 
sulted in wetting of the test carbon bed. In addition to the wall temperature 
measurements, evidence of moisture on the carbon was observed when the 
carbon was removed from the bed. 

The difficulty in maintaining the required wall temperatures was 
caused by the large mass of the test bed and the large heat losses through the 
support s true ture. After Test 3, the capability of the test system wall heat- 
ers was increased by modifying the heaters and operating procedures. No 
further problem with condensation within the test system was encountered in 
subsequent tests. 

Test 5 was a repeat of Test 3, except it was conducted on the carbon 
that had been previously used in Test 4. The somewhat lower removal effi- 
ciency reported for Test 4 can be attributed to the low activity trapped on the 
inlet sampler. The activity distribution on the inlet sampler indicates the 
sampler temperature was probably below the sample gas dew point (15 I o F) 
and that some of the activity may have passed through the sampler carbon be- 
cause of condensation on the carbon. The higher activity observed on the in- 
let sampler in Test 5 is a further indication of activity loss from the Test 4 
inlet sampler because the same CH3 1311 mixture and activity injection rates 
were used in both tests. Therefore, the actual removal efficiency for Test 
4 was undoubtedly higher than the experimental results indicate. 

The removal efficiency measured after 4 hours of operation in Test 6 
was the same as the efficiencies measured after 122 hours of operation at 
70% RH and after an additional 649 hours of operation with dry air. The ac- 
tivity on the test bed outlet sampler carbon was measured periodically 
throughout the test (see Table 3 for times). The activity on the test bed out- 
let sampler was less than the detection limit in all cases. The activity used 
in Test 7 was between 3 and 10 times higher than the activity used in the 
other tests, yet there was still no detectable activity on the carbon test bed 
outlet sampler, 

IV. Summary 

The Standby Gas Treatment System supplied for the Enrico Fermi 
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Unit 2 plant had associated with it high performance requirements. Several 
design innovations were incorporated in the carbon adsorber to preclude any 
loss of efficiency due to mechanical reasons. That is, the adsorber was de- 
signed in such a way that the efficiency of the system would approach the effi- 
ciency of the adsorbent. 

These concepts were tested on a 400 cfm module under design basis 
accident conditions. The results indicated removal efficiencies greater than 
99. 99% for methyl iodide under design conditions. 
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SHAPIRO: 
fibulated 

I'd like to know if the efficiencies you have 
include the HEPA filters apnarently incorporated between 

the two sample points and if an activity balance was nerformed 
on the entire filter set to establish charcoal adsorber 
efficiency? 

PARISH: No . The reported efficiencies were what you 
would consider, I guess, a system efficiencv. Of course the 
arrangement of HEPA filters and carbon beds is the same as in the 
production unit. 

SHAPIRO: -- There was no attempt made to identify the 
removal effects of the HEPA filters? 

PARISH: No , there was not. There would be no reason 
cc expect that the HEPA filters were a factor, since there was 
essentially no particulate activity present. 
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ELEMENTAL IODINE AND METHYL IODIDE ADSORPTION ON 
ACTIVATED CHARCOAL AT LOW CONCENTRATIONS 

By Ronald R. Bellamy* 
Nuclear Engineering Department 

The Ohio State University 
Columbus, Ohio 

Abstract 

The capability of activated charcoal to adsorb elemental iodine and 
methyl iodide at low concentrations has been experimentally evaluated to 
observe the effect of the variation of certain operating parameters within 
specified limits. The operating parameters include inlet concentration, 
superficial velocity, relative humidity, type of charcoal and impregnant, 
charcoal mesh size, duration of test and bed depth. The data obtained in 
an intensive study of these parameters have been correlated assuming a two- 
step adsorption mechanism for radioiodine on activated charcoal. The corre- 
lation is presented to aid the nuclear industry in designing charcoal 
adsorber systems for radioiodine retention. 

I. Introduction 

Recent consideration to assign numerical guides as design objectives 
and limiting conditions for operation of light-water-cooled nuclear power 
reactors to keep radioactive material in effluents as low as practicable (11, (2) 
has placed additional responsibility on the designers of air filtration 
systems for nuclear facilities. Gaseous effluent streams may require treat- 
ment to remove radioiodine to levels where little operating or laboratory 
data are available to substantiate design and performance of individual 
components. There is a need for the adsor tion properties of elemental 
radioiodine (1311) and methyl iodide (CH3 ' !i II) on activa ted charcoal at low 
concentrations to be put on a definitive experimental engineering foundation. 

Past efforts to obtain experimental data and provide a firm basis for 
design of iodine removal systems have been limited to either specific removal 
systems or well-controlled bench-scale studies. Primary emphasis has been 
directed at understanding specific reaction steps or the effect of a single 
service parameter on filter efficiency (humidity, charcoal mesh size, impre - 
nant, weathering, aging, poisoning, flow rate or inlet concentration)(3)'(l f ). 
With the exception of a few studies, (12)$(13) no attempt has been made to 
obtain adsorber bed efficiencies based on a comprehensive program in which the 
important operating parameters enumerated above are controlled and systemati- 
cally varied. This paper presents experimental data obtained on a bench-scale 
adsorption system with no uncontrolled parameters. These parameters were 
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systematically varied to observe the effect of each on the adsorption 
properties of radioiodine on activated charcoal. 

Although the presentation of radioiodine adsorption data as discussed in 
this paper may aid the nuclear power industry in designing more efficient 
radioiodine removal systems, the application of correlation techniques to the 
data would be additionally instrumental in establishing this important aspect 
of nuclear safety on a firm engineering foundation. This approach has only 
been followed to a limited degree on the existing experimental data presented 
to date in the literature (13)-W) and has met with little success. The results 
of the correlation presented in this paper provide a means to (1) present 
unambiguously the dependence of adsorber efficiencies on important system para- 
meters, (2) provide greater insight into the adsorption mechanisms of radio- 
iodine on activated charcoal, and (3) provide an engineering method of 
designing charcoal adsorption beds based on experimental data. 

II. Radioiodine Adsorption Principles 

The means of adsorption of radioiodine on activated charcoal depends on 
the form of the radioiodine (elemental or organic) and the type of impregnant 
(if any) associated with the charcoal. Elemental iodine is largely adsorbed 
physically on active carbon surfaces, irrespective of any impregnant. 
iodides are chemisorbed on potassium iodide K127 

Organic 
I impregnated activated char- 

coal by the isotopic exchange reaction (10) 

CH31311 (air) + K1271 (charcoal) + 

CHS~~~I (air) + K1311 (charcoal) 

using CH3 1311 as the typical organic iodide. 
constituent of the CH3131 

Although it is only the 1311 
I molecule that is trapped by the isotopic exchange 

mechanism, it is common practice to refer to the removal efficiency for the 
1311 constituent as being that for CH31311. 

If the activated charcoal is impregnated with triethylenediamine (TEDA), 
a heterocyclic amine compound, a different mechanism exists for CH31311 
removal. As a group, amines are more receptive to methyl iodide molecules 
than to water molecules; therefore, 
would be expected(12). 

superior operation at high humidities 
The initial reaction of the amine group with CH31311 

converts the radioiodine molecule to an ionic form which reacts more easily 
with the base charcoal, symbolized by 

R3N + CH3 1311 -f R3N+CH31311-. 

The quaternary iodide produced (R3NfCH3131 I-) is a stable nonvolatile 
compound that is adsorbed strongly on the charcoal. 
the quaternary iodide has a melting point of 390°C. 

When TEDA is the amine, 
Heterocyclic amines 

which contain a second amine group or other reactive group at the opposite 
end of the molecule show superior chemisorption properties for organic iodides 
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due to the ability to attach the amine firmly to the charcoal and yet retain a 
sufficiently reactive basic amine group to react with the organic iodide. TEDA 
is obviously of this group, as evidenced by Fig. 1. 

III. Experimental Procedure 

Figure 2 presents a schematic of the experimental system employed to 
acquire experimental information on the adsorption properties of radioiodine 
on charcoal beds. The open-loop system of 3-inch diameter glass pipe includes 
charcoal test beds, air rotameters , glass wool filters and thermocouples. 
"Pyrex" glass pipe was chosen for the facility in order to minimize plate-out 
of the radioiodine. The system was designed and operated to eliminate all 
unknown variables and to control and observe all pertinent operating parameters. 

Air (atmospheric) was prefiltered before entering the system to remove 
foreign substances (particulates). Air flows were measured by a number of 
calibrated rotameters, each with a different range of flow. An iron-constantan 
thermocouple was used to determine the air temperature upstream of the test 
beds. Two thermometers were placed in the air stream to determine relative 
humidity from the dry-bulb and wet-bulb temperatures, To control the relative 
humidity, air was permitted to flow through a combination of 3 different gas 
dispersion tubes in series. This maintained the relative humidity of the air 
stream at a constant predetermined value for the duration of any one test. 

During testing with 1311 as source material, crystals of the iodine were 
allowed to sublime in the filtered air flow upstream of any charcoal beds. To 
produce a methyl iodide source, liquid CH3 1311 was evaporated from a planchet 
placed in the air stream. Before radioactivity was introduced into the flow 
system, the air was permitted to flow over the four charcoal beds in series 
for at least one hour to equilibrate the beds. 

The design of the charcoal test canisters was critical, since bypass of 
the beds and leakage had to be eliminated. Pieces of carbon-steel pipe were 
cut to varying lengths (from l/2 inch to 6 inches), then a 40-mesh screen was 
welded to each end to retain-the charcoal in the beds. Standard ball-and- 
socket joints, affixed over the 40-mesh screen, allowed the beds to be inserted 
(with no leakage) into the glass pipe at approximately 12-inch intervals. A 
screw tap on the top of each canister allowed the beds to be filled with 
charcoal prior to a test and then emptied at the end of the experiment. 

Charcoal efficiencies were determined by a sodium-iodide (NaI) well-type 
scintillation crystal and photomultiplier tube, high voltage supply, scaler, 
counter and timer. After an experimental run was completed, each bed was 
individually removed from the flow system and its activity counted. Effi- 
ciencies reported in this paper represent the ratio of the change in the 
inlet and outlet concentration (for any one charcoal bed) to the inlet 
concentration. Since the fourth bed in series was always a minimum of 3 inches 
deep and contained little or no activity, no radioiodine (elemental or organic) 
passed through all four beds without adsorption. Therefore, the total activity 
contained on all beds represents an inlet concentration and this total activity 
was compared to a standard source of known activity of 131 I to calculate the 
inlet concentration. 
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Fig. 1 A TEDA molecule. 
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IV. 1311 Adsorption Efficiencies 

Removal of 1311 was studied using a minimum bed depth of 1 inch, and all 
experiments yielded a removal efficiency of 99.99+%. This removal efficiency 
implies the limits of measurement have been reached with the available 
apparatus. None of the parameters studied (inlet concentration, superficial 
velocity, relative humidity, charcoal mesh size and charcoal manufacturer and 
impregnant) affected the observed removal efficiency. The 1311 adsorption 
efficiencies reported in this paper are all at a temperature of 25'C and a 
pressure of 1 atm. Reference 17 contains a detailed tabulation of the data. 

Inlet Concentration 

The inlet concentration was varied from 6.62 x 10Bg to 1.54 x 10m7 nCi/ml 
of 1311 by varying the amount of 1311 used as source material. A l-inch bed 
of Bamebey-Cheney (BC) 727 charcoal was observed to adsorb 99.99+% of the 
inlet activity for a 3-hr experiment, independent of the inlet concentration 
for the stipulated range. Other experimental conditions were a relative 
humidity of 25% and a superficial velocity of 40 feet per minute (fpm). 

Superficial Velocity 

A series of 3 calibrated rotameters wae available to adjust the air flow 
rate as required. The superficial velocity was varied from 5 to 135 fpm. 
A bed depth of 1 inch of BC 727 charcoal was observed to adsorb 99.99% of 
the 1311 injected into the system for a 3-hr experiment, independent of the 
superficial velocity for the stipulated range. Other experimental conditions 
were a relative humidity of 25% and an 1311 inlet concentration of 5 x 10m8 
uCi/ml. 

Relative Humidity 

Three gas dispersion tubes used in series in various combinations 
permitted the relative humidity to be varied from 22% to saturated air (100%). 
A relative humidity of 100% was accompanied by moisture droplets condensing 
on the charcoal test cartridges and on the glass pipe. A l-inch bed of 
BC 727 charcoal was observed to adsorb 99.99% of the 1311 injected into the 
system for a 3-hr experiment, independent of the relative humidity for the 
stipulated range. Other experimental conditions were a superficial velocity 
of 40 fpm and an 131 I inlet concentration of 5 x low8 pCi/ml. 

Charcoal Mesh Size 

Charcoal supplied by a vendor is stipulated to be a certain mesh size; 
BC 727 (KI impregnated) is 8 x 14 mesh. Using a set of Tyler mesh sieves 
the charcoal was sorted based on mesh size, and the various specific meshes 
tested to determine any effect on iodine removal efficiencies. Of the mesh 
sizes tested, no mesh size combination was found to affect the removal 
efficiency of 1311. A l-inch bed of BC 727 charcoal removed 99.99+X of the 
1311 injected into the system for a 3-hr experiment. The mesh sizes tested 
were 2 x 4, 2 x 6, 6 x 8, 8 x 16, 16 x 18, 16 x 32, and 2 x 32. Other 
experimental conditions were a relative humidity of 25%, a superficial 
velocity of 40 fpm and an 131 I inlet concentration of 5 x 10s8 nCi/ml. 
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Type of Charcoal 

Various types of charcoal with different impregnants were tested to 
ascertain if this parameter had any effect on iodine removal efficiencies. 
Of the charcoal types and impregnants tested, 
adsorption efficiency of 1311. 

none had any effect on the 
A l-inch bed removed 99.99+% of the 1311 

injected into the system for a 3-hr experiment. The charcoals and impregnants 
tested were BC 416 (no impregnant), BC 727 (KI impregnant), Witco 42 (KI 
impregnant), North American Carbon NACAR G 210 (no impregnant), NACAR G 615 
(KI & TEDA impregnant), Pittsburgh Activated Carbon PCB (no impregnant, coal 
based), Pittsburgh Activated Carbon FCA (metallic oxide impregnant, coal based), 
and Pittsburgh Activated Carbon BPL (no impregnant, cocoanut based). Other 
experimental conditions were a relative humidity of 30%, a superficial velocity 
of 40 fpm and an 13.1 I inlet concentration of 4 x 10v8 pCi/ml. 

V. CH?1311 Adsorption Efficiencies 

Removal of CH3131 I was found to be a function of inlet concentration, 
superficial velocity, relative humidity and bed depth. CH31311 adsorption 
efficiencies were observed not to be a function of charcoal mesh size, type 
of charcoal or duration of experimental run. However, a 5-inch bed of 
charcoal adsorbed 99.99+% of the inlet CH31311 activity, for any combination 
of parameters used in an experiment. The CH31311 adsorption efficiencies 
reported in this paper are all at a temperature of 25°C and a pressure of 
1 atm. Reference 17 contains a detailed tabulation of the data. 

Inlet Concentration 

The inlet concentration was varied from 2.26 x 10cg to 1.58 x 10D4 pCi/ml 
of CH3 1311 by varying the amount of CH3131 I used as liquid source material. 
Bed depths studied were l/2 inch, 1 inch, 2 inches, and 5 inches. The vari- 
ation of methyl iodide removal efficiency with inlet concentration and bed 
depth is presented in Fig. 3. 

A number of conclusions can be immediately reached u on perusal of the 
experimental data. At inlet concentrations less than 10 -E @i/ml, a l/2-inch 
bed of BC 727 charcoal removes 99.99% of the inlet activity for a 3-hr 
experiment. At inlet concentrations above low6 nCi/ml, the removal efficiency 
drops off drastically for a l/2-inch bed of charcoal. As the bed depth is 
increased, a higher inlet activit 
BC 727 charcoal will remove 99.99 5 

will be removed, and a 5-inch bed of 
% for the upper limit of 1.58 x 10e4 nCi/ml 

of CH31311 injected for a 3-hr experiment. Other experimental conditions 
were a relative humidity of 25% and a superficial velocity of 40 fpm. 

Although the removal efficiency decreases as the inlet concentration of 
CH31311 is increased the amount of CH3 

I31 
1311 adsorbed increases as the inlet 

concentration of CH3 I is increased. This implies in part that the 
adsorption mechanism may be controlled by gas-phase diffusion of adsorbate 
to the adsorbent surface. Since more molecules of CH31311 are present at 
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higher concentrations and more are removed, 
adsorption of CH3131 

it would appear the rate of 
I is dependent on the concentration gradient (driving 

force) of CH3131 I between the air stream and the charcoal surface. 

Relative Humidity 

Three gas dispersion tubes used in series in various combinations 
permitted the relative humidity to be varied from 30% to saturated air (100%). 
Saturated air conditions were confirmed by the condensation of water droplets 
on the inside of the glass pipe and on the test charcoal cartridges, and 
resulted in a drastic reduction in CH 1311 removal efficiencies 
of behavior has been noted previously ~4),(8),(12>,(16>,(18),(19j ';;I z;;- 
ation of methyl iodide removal efficiency with relative humidity'and bed depth 
is presented in Fig. 4. For a l/2-inch bed of BC 727 charcoal and a 3-hr 
experiment, the removal efficiency decreased from 99.77% at 30% relative 
humidity to 66.28% at 100% relative humidity. The reduction is much less 
severe for a l-inch bed (from 99.97% at 30% relative humidity to 99.53% at 
100% relative humidity), and for a 2-inch or deeper charcoal bed there is no 
noticeable effect on CH3 1311 removal efficiencies by relative humidity for 
the conditions of these tests. Other experimental conditions were a superficial 
velocity of 40 fpm, a CH3 1311 inlet concentration of 1.4 x 1O-5 uCi/ml and a 
3-hr experiment. 

The severe reduction in CH3 1311 removal efficiency at a relative humidity 
greater than 95% and the observation of water condensation on the charcoal 
suggests that there is a surface phenomenon that controls radioiodine adsorp- 
tion to some unknown degree. It is postulated that the presence of water on 
the charcoal, whether or not the charcoal pores are clogged by the water, adds 
a resistance to the CH31311. adsorption. 

Superficial Velocity 

The calibrated rotameters were employed to vary the superficial velocity 
from 20 to 200 fpm. Figure 5 shows that the CH31311 removal efficiency 
decreases as the flow velocity is increased when the other variables were 
kept constant. The effect was not drastic. With increased bed depth, the 
dependence of removal effic*ency on flow rate was less, and for 2-inch or 
deeper charcoal beds, 99.99 % of the inlet activity was removed during a 
3-hr experiment, independent of the superficial velocity for the stipulated 
range. Other experimental conditions were a relative humidity of 25% and a 
CH31311 inlet concentration of 1 x 10e5 $i/ml. It is noted that a more 
severe reduction of removal efficiency with increasing superficial velocity 
has been reported elsewhere( 12), but the results were obtained at a signifi- 
cantly different inlet concentration and relative humidity. 

The removal efficiency of CH3 1311 does drop as the molecules travel at 
a faster rate of speed through a charcoal bed when other variables are kept 
constant. This implies that some of the adsorption sites available at lower 
flow rates are not available at the higher flow rates. One possible explan- 
ation is that once a molecule is adsorbed on an adsorption site, the adsorbed 
molecule must travel into a capillary before the adsorption site is again 
available for further adsorption, During the time interval when diffusion 
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of the absorbed molecule into a capillary is occurring, the adsorption site 
is not available for adsorption, and a CH3131 
sitecannot be adsorbed. 

I molecule striking the adsorption 
Thus, the removal efficiency is lower as the super- 

ficial velocity is increased. 

Charcoal Mesh Size 

A set of Tyler mesh sieves was employed to sort BC 727 charcoal according 
to mesh size, or equivalently, average particle diameter. The charcoal is 
stipulated by the vendor to be 8 x 14 mesh, but a sizeable fraction (greater 
than 5%) is larger than 8 mesh, and mesh sizes smaller than 14 mesh may easily 
be obtained by pulverizing the charcoal. 
on the adsorption efficiency of CH31311. 

Varying the mesh size showed no effect 
The mesh sizes considered for these 

tests were 2 x 8, 8 x 10, 10 x 12, 12.x 14, 14 x 20, and 20 x 28. At an inlet 
concentration of 1 x 1O-5 uCi/ml, a relative humidity of 25% and a 40 fpm super- 
ficial velocity, 
inlet activity, 

a l/2-inch bed of BC 727 charcoal removed 99.36% of the CH31311 
while a l-inch bed removed 99.99+% of the CH31311 inlet activity, 

for a 3-hr experiment, irrespective of the mesh size for the stipulated range. 
It is noted that a reduction of removal efficiency with smaller mesh sizes has 
been reported elsewhere( 12), but the results were obtained at a significantly 
different inlet concentration and relative humidity. 

Type of Charcoal 

Various charcoals were tested to determine if the charcoal of one vendor 
or the type of impregnant would have any effect on the removal efficiency of 
CH31311. Five types of charcoal were tested; BC 727 (KI impregnant), BC 416 
(no impregnant), NACAR G 615 (KI & TEDA impregnant), Witco 42 (KI impregnant) 
and Pittsburgh Activated Carbon FCA (metallic oxide impregnant, coal based). 
Of these charcoals, none had any effect on CH31311 adsorption efficiency, and 
a l/2-inch bed of charcoal was observed to adsorb 99.99+% of the inlet CH31311 
activity for a 3-hr experiment. Other experimental conditions for these results 
were a relative humidity of 25%, a superficial velocity of 40 fpm and a CH31311 
inlet concentration of 1 x 10D7 pCi/ml. 

Duration of Experimental Run 

The effect of the duration of an experimental run on CH31311 removal 
efficiency was studied by performing a series of tests that varied the duration 
of the experiment. In all cases, no effect on CH3131 I removal efficiency was 
noted for the conditions reported herein. Runs were performed for 3, 6, and 
12 hours at an inlet concentration of 2.5 x 10D7 pCi/ml. A l/2-inch bed of 
BC 727 charcoal was observed to adsorb 99.99+% of the CH31311 inlet activity, 
irrespective of the duration of the experiment for the stipulated range. 
Similarly, at an inlet concentration of 3 x 10D6 nCi/ml a l/2-inch bed of 
BC 727 charcoal produced a removal efficiency of 99.82% for a 3-hr run, and 
99.83% for a 12-hr run. 
tration of 3 x 10m6 

For a l-inch bed of BC 727 charcoal, an inlet concen- 
uCi/ml was completely adsorbed (99.99+%) during both a 3-hr 

experiment and a 12-hr experiment. Other experimental conditions were a 
relative humidity of 25% and a superficial velocity of 40 fpm. 

It was not surprising that the duration of the experimental run had no ef- 
fect on CH3131 I removal efficiency for these tests, since the adsorption capacity 
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of BC 727 charcoal is reported as 10 mg/gm of charcoal (20) and the conditions 
of the experiments reported herein deposit a maximum of 10 'a mg/gm. Therefore, 
the adsorption capacity of the charcoal for CH31311 is not in any way being 
approached. 

Additionally, these results predict that no aging of the charcoal will 
occur during 12 hours of operation, nor are there sufficient poisons in normal 
atmospheric air to accumulate on the charcoal in 12 hours that would interfere 
with the adsorption process. 

VI. The Surface Rejuvenation Adsorption Mechanism 

Figures 3 through 5 show experimental data that support the conclusion that 
the removal efficiency of CH3 1311 on activated charcoal is a function of the inlet 
stream properties, notably inlet concentration, relative humidity and superficial 
velocity (other experimental conditions are as discussed above). Conversely, the 
charcoal properties, including mesh size, charcoal manufacturer and type of 
impregnant (if any) appear to have no effect on the CH31311 removal efficiencies, 
for ambient conditions of temperature, pressure, relative humidity and a super- 
ficial velocity of 40 fpm. 

More specifically, CH3 1311 removal efficiencies decrease with increasing 
relative humidity and superficial velocity, with a more drastic reduction for 
the humidity increase. The inlet concentration shows a similar effect. Removal 
efficiencies decrease as the inlet concentration approaches low4 vCi/ml. Gas- 
phase diffusion should be one resistance to adsorption (more molecules are 
adsorbed when there are more to diffuse to the adsorbent surface), but this does 
not fully explain the large decrease in removal efficiencies at high humidities. 
Thus, a second resistance is theorized as a resistance to surface diffusion. 
Once a molecule reaches an adsorptive site by gas-phase diffusion, it undergoes 
surface diffusion through a capillary to a site inside a pore. This leaves the 
original adsorption site free for further adsorption (the site is rejuvenated). 
At high humidities, water clogs the pores and increases the resistance to surface 
diffusion, decreasing removal efficiencies. At high flow rates, the adsorbate 
molecules reach adsorption sites too quickly in succession to allow surface 
diffusion to regenerate the adsorption site. 

The proposed CH3131 I adsorption mechanism on activated charcoal is there- 
fore composed of two steps. First, the adsorbate molecule must reach an active 
adsorption site by gas-phase diffusion. Second, the adsorbate molecule must 
leave the now-inactive adsorption site by surface diffusion, diffuse through a 
capillary to a site inside a charcoal pore and create an active adsorption site 
where an inactive adsorption site once resided. This proposed type of radio- 
iodine adsorption will be termed the surface rejuvenation adsorption mechanism. 

The Surface Diffusion Phenomenon 

Once a molecule is adsorbed on a charcoal surface, the molecule is presumed 
not to be stationary but to travel by surface diffusion to other adsorption sites 
on the charcoal. The phenomenon of surface diffusion is concerned with the 
behavior of the adsorbed molecule during the time it is traveling from one 
adsorption site to another on the charcoal surface. The surface diffusion 
phenomenon will only be introduced here; detailed information on the subject 
is available in Refs. 21 through 31. 
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This phenomenon can be pictured as a molecule hopping from site to site 
on an adsorbent surface, and will take place only if the adsorbate molecule 
acquires sufficient energy from fluctuations of whatever source to overcome the 
heat of adsorption. Three possible sources of energy can be postulated: a 
molecule striking the adsorbent surface at an angle with a momentum component 
in a direction parallel to the surface, temperature-induced movement of the atoms 
of the surface, and fluctuation of the adsorption energy on the surface due to 
the structural arrangement (including defects) of the surface atoms. 

Qualitative Treatment 

The proposed mechanism for the adsorption of iodine on activated charcoal 
consists of two steps. First, the adsorbate molecule diffuses through the gas 
film and finds an active (unoccupied) adsorption site and is adsorbed. The site 
is immediately rendered inactive, and is incapable of further adsorption until 
it is reactivated. The rejuvenation (or reactivation) process proposes surface 
diffusion of the adsorbate molecule through a pore to a secondary active site 
located somewhere in the capillary. Once the adsorbate molecule leaves the 
surface adsorption site, the site is rejuvenated for further adsorption. How- 
ever, during the time the adsorbate molecule is situated on this primary 
adsorption site, the site is inactive and cannot be used for adsorption. This 
time of adsorption will be considered constant for a given set of experimental 
conditions, or at least it is proposed that some characteristic average 
adsorption time -c exists. m 

If a second adsorbate molecule strikes a primary adsorption site that is 
still occupied, adsorption will not occur. Therefore, adsorption efficiencies 
will be influenced by the rejuvenation process for the primary adsorption site, 
presumed to be surface diffusion. Factors that hinder surface diffusion should 
hinder the adsorption process, such as the relative humidity. Moisture on the 
charcoal (as evidenced experimentally) retards surface diffusion and should lower 
the adsorption efficiency of the charcoal. This effect was observed experi- 
mentally and illustrated in Fig. 4. Similarly, any experimental parameter that 
causes adsorbate molecules to reach a primary adsorption site already containing 
an adsorbed molecule should lower adsorption efficiencies. This will occur when- 
ever the adsorbed molecule has not resided on the site for the time -cm and 
therefore the site has not had sufficient time to rejuvenate itself by surface 
diffusion. Thus, as the superficial velocity is increased, the removal effi- 
ciencies for iodine on activated charcoal would be expected to be lower, due to 
the molecules moving too fast to occupied primary adsorption sites. This effect 
was observed experimentally and illustrated in Fig. 5. An increase in adsorbate 
concentration should also lower removal efficiencies since too many molecules 
are present in the gas stream to allow an occupied primary adsorption site 
sufficient time for rejuvenation by surface diffusion. This effect was observed 
experimentally and illustrated in Fig. 3. 

Quantitative Treatment 

A mathematical treatment of the surface rejuvenation adsorption model is 
possible by assuming that the mean time for regeneration, i.e., the time 
interval commencing when an adsorbate molecule attaches to an unoccupied site 
and ending when that same site is ready for further adsorption, is a constant 
for specified operating conditions. The following parameters may also be 
defined: 
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V(z) 

'rn 

V m - V(z) 

At 

Af 

T m 

k 

C(z) 

= 

= 

= 

= 

= 

number of vacant adsorption sites 
per unit adsorbent length; 

total number of adsorption sites 
per unit adsorbent length; 

number of occupied adsorption sites 
per unit adsorbent length; 

area available for transfer from 
fluid to solid; 

area available for fluid flow; 

mean time for regeneration; 

overall mass transfer coefficient 
from fluid to solid; and 

concentration of adsorbate in fluid 
stream at the bed depth z. 

With the aid of these parameters, the following terms may be defined: 

kc(z)? Atdz = transfer rate of adsorbate from fluid 
m to adsorbent vacancies, assuming the 

concentration of adsorbate at the fluid- 
solid interphase is negligible compared 
to the concentration of adsorbate in the 
fluid stream for any z; 

V m -v(z) 
dz = rate of regeneration of occupied T m adsorbent sites; and 

AfvdC(z) = rate of change of adsorbate concentration 
in fluid flow. 

If a steady-state condition on V(z) is assumed, the transfer rate of 
adsorbate to adsorbent vacancies equals the rate of regeneration of occupied 
adsorbent sites, and therefore 

kC(z)p Atdz = vm ; '(') dz, 
m m 
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Additionally, a mass balance on adsorbate molecules within dz yields 

AvdW + 
f dz kc(z) $@- A,dz = 0 

m 

These two expressions may be combined to eliminate V(z)/V,, then solved 
to yield: 

In '(') + C(z) 
C(O) 

- C(O) = -AZ 
cO 

where X and C 
defined below?' 

constant for a given set of experimental conditions, are 

V 
co = * 

mt 
x 5 = 

q l 

The experimental results presented have indicated that activated charcoal 
is an efficient adsorber of radioiodine, and therefore C(z) is expected to be 
much less than C(0). Thus, 

In C(z) - = c (0) 
c (0) r - AZ. 

Defining E as the efficiency represented as a fraction (the efficiency 
divided by loo), this yields 

ln(l-c) = - c(o) - AZ* 
C 

0 

This suggests that if the surface rejuvenation model is applicable, a 
plot of ln(l--E) versus C(0) should be linear with slope l/C, for a given bed 
depth z. It would be expected that a series of straight lines all with slope 
l/C, should result for varying bed depths z. The lines should each be displaced 
by Xz. 

A plot of ln(l-c) versus C(0) was attempted for bed depths of l/2 inch, 
1 inch and 2 inches. The result is illustrated in Fig. 6. Although lines of 
approximately constant slope result for each bed depth, the lines are not 
displaced by the expected Xz increment. This indicates that although the 
surface rejuvenation adsorption model is approximately correct, it does not 
accurately represent the entire picture of radioiodine adsorption on activated 
charcoal. Therefore, an empirical attempt to correlate experimental adsorption 
data, based on the surface rejuvenation model is presented, 
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It is worthwhile first to discuss qualitatively the results of the surface 
rejuvenation adsorption model. The results above express the efficiency of the 
charcoal bed as a function of those parameters expected to influence the 
efficiency. The experimental data of this investigation have shown that the 
efficiency of a charcoal bed decreases with increasing inlet concentration C(0) 
with all other experimental parameters constant. 
since as C(0) is increased, 

This is the predicted trend 
ln(l--E) and (1-E) increases, or E decreases. 

A similar analysis applies to the superficial velocity variable (v). If 
k is assumed to be a mass transfer coefficient, k is proportional to VOGUE. 
This is based on the Gamson-Hougen empirical correlation of gas-phase mass 
transfer coefficients (32),(33). Therefore, Co is proportional to v-o.49 and 
as the velocity is increased, Co decreases. This increases ln(l-s) and (1-E) 

~dvgfsf ases the expected adsorption efficiency. Similarly, A is proportional 
and as v is increased, A is decreased. This increases ln(l-E) and 

(1--E) and decreases the expected adsorption efficiency. These two effects 
indicate the surface rejuvenation adsorption model predicts decreasing adsorp- 
tion efficiencies with increasing superficial velocity (all other parameters 
constant). This prediction is in agreement with the experimental trends 
illustrated. 

The relative humidity variable can be postulated to affect the Co term 
through 

V m 

Two effects may be considered. First, as the relative humidity is 
increased the resistance to surface diffusion increases and rm would.be expected 
to increase. Second, as the relative humidity is increased V, can be considered 
to decrease as water condensation effectively removes some unknown number of 
adsorption sites. Both of these effects tend to decrease Co as the relative 
humidity is increased, and as Co is decreased, the predicted efficiency drops. 
This prediction is in agreement with the experimental trends illustrated. 

VII. The Empirical Surface Rejuvenation Correlation 

Figure 6 illustrates three approximately straight lines for the three bed 
depths, with similar slopes. From the three lines, an average l/C, (obtained 
from the slope) and an average h (obtained from the y-intercept) may be calcu- 
lated and employed to predict adsorber bed efficiencies. However, since the 
lines for varying bed depths are not displaced by AZ as expected, this approach 
needs to be modified. After calculation of Co and X, an empirical approach to 
a correlation of the experimental data is presented. This empirical corre- 
lation is still based on the proposed surface rejuvenation adsorption model. 

The average value of the term Co obtained from the three slopes in 
Fig. 6 is 8.51 x 10e5 uCi/ml. The average value of X obtained from the three 
intercepts in Fig. 6 is 3.21 cm-l. Inserting these values yields 
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ln(l-E) = c (0) 

8.51 x lO-5 
- 3.21~. 

To improve the correlation, two empirical corrections will be included. 
The first is to raise the term 3.212 to the l/2 power. The second is to 
multiply the term 

C(O) 
8.51 x 1O-5 

0.5 
bE , where E is represented by 

E M(R.H.) 
=M (25%) 

In this term, M(R.H.) represents the equilibrium moisture content of the 
charcoal in the test bed at the relative humidity of the test, and M(25%) 
represents the equilibrium moisture content of the charcoal in the test bed 
at a standard relative humidity of 25%. 

With these corrections, a graph according to 

ln(l--E) = Eo.5 C(0) 
Ey- (Az)Oe5 

is constructed. The results are indicated in Fig. 7, and the calculated 
points follow a smooth curve reasonably well. 

This correlation is useful in predicting the expected removal efficiency 
of a charcoal bed for CH3 1311 under any given set of experimental conditions. 
Data are necessary to obtain Co and h, but once these parameters are available, 
Fig. 7 is applicable to predict the expected removal efficiency of a charcoal 
bed for radioiodine under any given set of experimental conditions. 

VIII. CONCLUSIONS 

The proposed surface rejuvenation adsorption mechanism and empirical 
correlation appear extremely useful in explaining the iodine-charcoal 
adsorption system and in predicting adsorber bed efficiencies under a given 
set of operating conditions with a minimum of experimental data. Further 
data, either bench-scale or operating, should yield beneficial comparisons 
and additional information. Data at extremely low inlet concentrations 
(approaching lo-l3 $i/ml) would prove especially valuable. 

The illustrated experimental data provide evidence for the high effi- 
ciencies expected when activated charcoal adsorbs radioiodine. A deep charcoal 
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Fig. 7 The empirical surface rejuvenation correlation. 
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bed (5 inches) is shown to be highly efficient for adsorbing both 1311 and 
CH31311 under all the reported experimental parameters, but for beds not as 
deep, certain combinations of parameters will cause severe reductions in 
removal efficiencies. 
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ilISCUSSIOi4 

KOVACH: Can you tell me what is the expected counting 
error at the extremely low concentration? 

BELLAMY: The counting error in the inlet concentration 
is as much as 150%. 

JONAS: I would like to comment that one cannot justify 
using the concept of mass transfer as a rate controlling step in 
the overall process before confirming that it is indeed the 
controlling step. I might add that Masamune & Smith, Schneider & 
Smith, and others conceive of gas adsorption taking place in three 
sequential steps, (1) mass transfer or external diffusion from 
the air stream to the carbon granule surface, (2) internal diffusion 
(some authors break this up into surface diffusion followed by pore 
diffusion) of the gas into the micropores of the .carbon, and (3) 
adsorption of the gas molecule by the active site. Schneider & 
Smith and Jonas & Rehrmann have shown that adsorption processes 
by sorbent granules in the velocity range of 2 to 50 cm/set are 
characterized by internal diffusion as the rate controlling step. 
Schneider i? Smith show the detailed method of analyzing experimental 
data upon which this conclusion is based. 



13th AEC AIR CLEANING CONFERENCE 

THE BEHAVIOR OF HIGHLY RADIOACTIVE IODINE ON CHARCOAL 
*,** 

*** 
R. A. Lorenz, W. J. Martin, and H. Nagao 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 

Abstract 

The behavior of highly radioactive iodine adsorbed on charcoal has been 
investigated in a series of seven experiments which used amounts of radioactive 
I-130 ranging from 0.2 to 1100 Ci on well-insulated adsorber beds containing 
28 cm3 of impregnated charcoal. Desorption of several forms of iodine into 
flowing dry air were observed at moderate temperatures (80 to 125OC). When 
the air velocity was reduced from 28.5 fpm (25"C)to 3.8 fpm (25'C), the charcoal 
temperature rose quickly during experiments which contained 500 Ci or more 
because of reduced air cooling. 

Ignition of the charcoal occurred during four of the experiments. Heat 
released from the slow oxidation of charcoal below its ignition temperature 
was measured and was found to contribute significantly to the attainment of 
ignition. CHART, a computer program for calculating charcoal adsorber bed 
temperatures, accurately duplicated the experimentally observed temperature 
behavior, including ignition, after the program had been modified to include 
the heat released by oxidation of the charcoal. 

A penetrating form of iodine, probably methyl iodide, was released 
continuously at low rates which were compatible with previously proposed radiation- 
induced mechanisms. The distribution and movement of elemental iodine in the 
test bed were followed by means of a movable collimated gamma scanner. Linear 
adsorption isotherm coefficients were calculated, but some correction appeared 
to be appropriate at high iodine concentrations. Retention of iodine was better 
at high temperature when the total atomic concentration of potassium was greater 
than that of iodine. 

* Research sponsored by the U. S. Atomic Energy Commission under contract 
with the Union Carbide Corporation. 

** Reference to a company or product name does not imply approval or 
recosxnendations of the product by Union Carbide Corporation or the 
U. S. Atomic Energy Commission to the exclusion of others that may meet 
specifications. 

*** Visiting scientist from NAIG, Nuclear Research Laboratory, Kawasaki, Japan. 
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Introduction 

The charcoal adsorber systems of some nuclear power reactors contain 
several tons of charcoal loaded in 2-in.-deep trays stacked rather compactly so 
that the only cooling mechanism of consequence is forced air circulation. If 
normal air flow can be obtained when needed, there is little question that the 
heat from deposited radioiodine can be removed. However, if 25% of the reactor 
iodine inventory should be released to the containment shell as assumed with 
some design basis accidents, and if this amount of radioactive iodine should 
be collected by the charcoal cleanup system within several hours of reactor 
shutdown, calculations show that the ignition temperature might be reached in 
cases where the air flow is severely reduced (1). 

We are presently carrying out a series of experiments to determine whether 
the ignition of charcoal can occur from the decay heat of highly radioactive 
iodine before the iodine desorbs, thereby precluding ignition. The second 
objective of our program is to provide supportive data for the calculation of 
charcoal bed temperatures. The third objective is to study the movement of 
iodine within charcoal beds and the desorption of iodine from these beds during 
exposure to intense radiation fields and elevated temperatures so that this 
information can be included in the temperature calculation and in the estimation 
of radioactivity release. 

We have used four types of charcoal in our experiments, as described in 
Table I. All of them are coconut-based charcoals except for WITCO Grade 42, 
which is petroleum-based. Each batch has performed satisfactorily in other iodine 
or methyl iodide adsorption tests. Other batches of charcoal were included in a 
series of 13 preliminary laboratory experiments in which a small electric heater 
was used in the bed inlet region to simulate decay heat (2); Because some large 
differences in iodine desorption and oxidation rates or ignition temperatures 
have been observed from batch to batch of a given manufacturer's type number, 
we caution that the experimental results presented here apply only to the 
particular batches tested. 

Cur experimental charcoal bed is shown in Fig. 1. The charcoal is contained 
to a depth of 2-l/8-in. (5.4 cm) in a quartz Dewar flask with an inside diameter 
of 1.03 in. (2.62 cm). A heater on the outside of the flask follows the 
temperature of the center of the bed in order to further reduce the chance for 
heat loss through the side in simulation of an essentially semi-infinite reactor 
adsorber system. Except for a small heat loss via conduction and heat radiation, 
the only cooling mechanism is the forced flow of air upward through the bed. 
Thermocouples measure the temperature distribution in the charcoal. Except 
for runs 1 and 2, the inlet temperature was controlled at either 1OO'C or 70°C 
in simulation of an accident ambient temperature , while the charcoal reached a 
higher temperature depending on the amount of radioactive iodine present and 
the air flow rate. 

Experimental Procedure 

The radioactive I-130 was obtained by irradiating a mixture of 86% I-129-- 
14% I-127 in the chemical form PdI2 packed as powder in quartz ampoules and seal- 
welded in an aluminum capsule. We irradiated this material for 30 hr in the 
High Flux Isotopes Reactor (HFIR) at a thermal flux of 2.5 x 1015 n/an2*sec, 

70% 
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which resulted in specific activities of 5.7 Ci I-13O/mg I and 1.4 x 10m3 Ci 
I-131/mg I at the time of removal from the reactor. 

After irradiation the capsule was transported to the hot cell and sealed 
into the recirculating loop system shown in Fig. 2. The tips of the capsule 
and ampoules were then sheared off, thus allowing the ampoules to fall into a 
quartz-lined furnace where the Pd12 was thermally decomposed to palladium metal 
and 12 at 600 to 700°C. Air circulating at the normal flow rate carried the 
radioactive iodine through two layers of Cambridge 1G DEPA filter media into 
the test charcoal bed. Decay time between withdrawal from the reactor and 
start of decomposition ranged from 1.3 to 2.3 hr. Time for decomposition 
ranged from 1.7 to 2.3 hr. 

A collimated radiation detector was moved in l/8-in. increments to follow 
the distribution of iodine in the bed as the experiments progressed. The 
collimator contained a slit that was l/16 in. wide and 8 in. long. 

Iodine that penetrated or was desorbed from the test bed was collected in 
sequentially operated traps. Silver-plated honeycombs (3) were used to collect 
elemental iodine, HEPA filters (Cambridge 1G) to collect particular matter, 
and charcoal and silver-exchanged zeolite to collect the more penetrating organic 
forms of iodine. The charcoal cartridges of one trap were located and shielded 
remotely to permit continuous monitoring of organic iodides. In cases where 
the traps did not contain silver-plated honeycombs, we examined the distribution 
of iodine among the cartridges to determine the relative amounts of elemental 
and organic iodine. 

The experimental procedure can be described as follows. The installed 
collection traps and heated loop were purged with dried and filtered air, using a 
once-through mode and a flow rate of 4.9 liters/min for 2.5 hr to dry the loop 
and remove volatile contaminants. A 28-cm3 volume of the test charcoal in the 
as-received moisture condition was then poured into the insulated bed through 
the outlet tube. (The presence of many thermocouples and the restricted fall 
resulted in a packing density somewhat less than that measured by the method of 
ASTM-D-2854-70. Assuming a void fraction of 0.43 for normal packing, we estimate 
0.45 for the test bed void fraction.) Subsequently, the loop heaters were turned 
on, the irradiation capsule installed, air circulation started, and the capsule 
sheared when the desired bed temperature was reached. 

The air inlet temperature to the bed was controlled at either 1OO'C (runs 
l-5) or 7O'C (runs 6 and 7), and the charcoal bed was heated by the decay heat 
to some higher temperature, depending upon the level of radioactivity and air 
flow rate, as shown in Tables II-VI. The period of operation at normal air flow 
rate at the beginning of each experiment enabled observation of the iodine 
movement and desorption at nearly constant-temperature conditions. The air flow 
rate was then reduced in simulation of an accident situation, allowing the 
temperature to rise because of reduced air cooling. 

The temperature behavior during run 4 is shown in Fig. 3. The heat from slow 
oxidation of the charcoal resulted in an acceleration in the temperature rise above 
215'C. The heat frcan oxidation increased with temperature and was equal to the 
decay heat when the bed midpoint temperature reached 271°C, 30.5 min after air 
flow reduction. Combustion was stopped in each ignition experiment by dis- 
continuing the circulation of the air. The temperature behavior in run 5 was 
nearly identical to that of 'run 4. The rate of temperature rise during runs 6 
and 7 was much lower because of a lower radioactivity level and, in run 6, a lower 
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rate of oxidation. Tables II-VI sunrnarize the radioactivity level, air flow 
rate, and temperature behavior. 

The distribution of iodine in the test beds, as determined by the collimated 
scanner, indicated that the original loadings contained on the order of 10% of a 
penetrating form of iodine, probably methyl iodide. During earlier decomposition 
tests in the loop apparatus, we collected the iodine directly in charcoal 
cartridges, and this indicated a penetrating iodine content of 1 to 3%. Based on 
the available literature, the distribution corresponds to that for methyl iodide 
collected on dry charcoal. Although the mass of iodine was large and the heated 
loop had been cleaned by air purging, we believe that sufficient organic material 
was available to allow the formation of 10% methyl iodide in the high- 
temperature high-radiation environment during decomposition of the PdI2. In the 
remainder of this paper we will refer to similar penetrating forms as methyl 
iodide, even though no positive identification of the species was made. 

Oxidation of Charcoal 

The rate of heat release from the oxidation of charcoal during the experi- 
ments was calculated by using a heat balance for the bed: 

Heat from oxidation = (Heat absorbed by charcoal) 

+ (Heat absorbed by quartz container and thermocouples) 

+ (Heat removed by flowing air) 

+ (Heat lost from quartz container) - (Heat from iodine decay). 

The heat balance was programmed for a computer, and the container heat 
absorption and loss rate were determined during laboratory runs in which alumina 
hubbies were used in place of the charcoal and decay heat was simulated by a 
small electric heater at the bed entrance. 'A.typical example of the heat balance 
is given below for run 4 32.4 min after reduction of the air flow when the center 
of the bed reached 300°C, the average temperature of the bed was 286"C, and the 
rate of temperature rise was 20°C/min at the center and 15"C/min avg: 

Heat in: iodine decay heat rate = 37 cal/min 

oxidation heat release rate = 100 cal/min 

Heat out: rate of heat absorption by charcoal = 45 cal/min 

rate of heat absorption by container = 60 cal/min 

rate of heat removal by air = 28 cal/min 

rate of heat loss from container = 4 cal/min. 

The results for the four hot-cell ignition experiments and one laboratory 
experiment in which an electric heater was used are shown in Fig. 4. In each 
experiment the heat release from oxidation increased continuously with 
temperature until a &mum value, which depended upon the air flow rate was 
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attained. For experiments 4, 5, and 7, the air flow rate was 622 cm3/min (25OC) 
so that the maximum heat release rate would be 512 cal/min if all of the oxygen 
reacted to form CO2 with a heat of reaction of 96,000 Cal/mole. This is 
equivalent to 46 cal/min*g charcoal for run 4 and 35 cal/minmg for run 7. The 
maximum would be 8.9 cal/min*g charcoal for the low air flow rate (0..71 fpm, 
25°C) in run 6. The oxidation reaction was strongly inhibited in this run 
until the velocity was increased (1.9 fpm, 25'C) during the final 2 min. The 
total amount of charcoal oxidized was usually of the order of 150 to 200 mg per 
experiment. 

The heat release data for uninhibited oxidation was correlated for each 
experiment using the Arrhenius;type equation 

H = H 
0 

emAjRT, 

where 

Ho = a constant (cal/min'g charcoal), 

A = an activation energy (Cal/mole), 

R = 1.987 cal/mole"K, 

H = the rate of heat release by oxidation (cal/min*g charcoal). 

The values of Ho and A are given in Table VII for the four hot-cell ignition 
experiments and for several laboratory experiments in which the miniature 
electric heater was used. 

The above heat release data are most accurate in the heat release range 
between 0.5 and 20 cal/min*g charcoal; the accuracy of extrapolations below 
these rates is uncertain. Considerable interest has been expressed recently in 
oxidation rates at 15O'C and lower temperatures since, even though the heat 
release rates might be very low, the trend toward deeper charcoal beds increases 
the mass of charcoal available for oxidation and decreases the rate of heat 
loss. One ource of lower-temperature oxidation data is the work of Bratzler (4). 
His data tend to indicate little difference in oxidation rate between dry 
air and moisture-saturated (at room temperature) air, although the results 
were obtained with charcoal types which are different from those pr ently 
used in nuclear reactors. The equations for runs 4 and 5 extrapolate to 
oxidation rates in the vicinity of those found by Bratzler at temperatures in the 
vicinity of 80°C (2.1 to 6.0 x 10-4 cal/min'g charcoal); however, valid 
experimental data with the modern, high-surface-area, impregnated charcoals 
would be essential for the evaluation of temperature rise in critical situations. 

An example of higher heat release rates at low temperature occurs with 
charcoals containing TEDA, such as the GX-176 used in run 7. Charcoals 
containing more than 1% TEDA have ignited at temperatures near 19O'C due to 
combustion of the TEDA (5-7). The heat of combustion of TEDA (solid, at 25'C) 
is 970,800 Cal/mole (8). Under the conditions of run 7 the oxidation of the 
TEDA (possibly affected by the proprietary flame retardant) did not result in 
early ignition of the charcoal. 

Our experimental experience has been limited to unused charcoals in 
low-humidity atmospheres with fairly short-term oxidation. Continued exposure 
to flowing air ordinarily results in the accumulation of organic material (9) 
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and some N02, as well as the loss of chemically reactive sites, all of which 
can affect the oxidation rate. Milham found that the ignition temperature of 
BC-416, an unimpregnated charcoal, increased with service time (10) but also 
experienced some unusual low-temperature ignitions (11). He did not measure 
heat release rate as a function of temperature. Woods and Johnson (12) found 
that coconut charcoal exposed to submarine atmospheres accumulated organic 
material and observed that this usually resulted in a lowered SIT (spontaneous 
ignition temperature). The SIT is an ignition temperature measured with no 
air flowing so that heat loss from the charcoal sample is small. 

Our oxidation rate data are insufficient to determine the effect of radiation. 
At low temperatures, where the rates are slow, one would expect some enhancement. 
Kosiba and Dienes (13) observed an increase by a factor of 2.6 in the very slow 
rate of oxidation of graphite in oxygen at 300°C on exposure to a gamma radiation 
field of 0.61 x lo7 rads/hr. 

Calculation of Charcoal Bed Temperatures 

The CHART computer program is a modification of a general-purpose heat- 
transfer program, which is capable of solving three-dimensional problems, to 
the more specific conditions encountered with radiation decay heat in the 
charcoal adsorber beds of reactor air cleaning systems (1, 14) Initial 
development of the computer program did not include secondary heat sources, 
such as the oxidation of charcoal and the heat of absorption/desorption of 
water on charcoal (15), nor did it include provision for movement of the radio- 
active iodine heat source within the bed and desorption of iodine from the bed. 

We modified CHART to include heat from the oxidation of charcoal and used 
the parameters for hot-cell run 4 as input. The comparison of calculated and 
experimental temperatures is shown in Fig. 3. The modified CHART-calculated 
axial temperature distribution from inlet to outlet agreed very well with the 
thermocouple readings, ignition being indicated near the l-in. depth in both 
cases. 

We have also recalculated, with oxidation heat, some of the sample problems 
presented in OKNL-4602 (14) and found that ignition would occur in many of 
the examples. For instance, the very severe accident situation described in 
example 4, Fig. 11 of ORNL-4602, would result in ignition even with the slow 
oxidation rates that we measured for lot No. 62469 of WITCH Grade 42 charcoal. 

The main conclusion from Bratzler's study may be helpful in the design, 
analysis, and operation of large (especially deep) reactor charcoal adsorber 
systems. He concluded that there are certain conditions for charcoal adsorber 
beds (usually large beds) at moderate temperatures under which continued air 
flow (usually quite low) would allow the heat from slow oxidation to build up 
until ignition was reached. To prevent such occurrences, one must (1) stop the 
air flow completely or limit it so that the total oxidation heat release rate is 
less than the total heat loss rate, (2) cool the bed to a temperature where the 
oxidation heat release rate is below the total heat loss rate, or (3) increase 
the air flow sufficiently to provide adequate "air" cooling. Caution should be 
exercised in the third case since, at temperatures approaching ignition, 
particularly with a deep bed, the increased air flow may cause ignition to be 
reached before the entire bed length begins to be cooled. 
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Release and Desorption of Iodine 

As mentioned previously, we used sequentially operated traps composed of 
silver-plated honeycombs, high-efficiency filters, and charcoal cartridges 
to identify the iodine forms released during the course of the experiments. 
The results are summarized in Tables II-VI. Identification of the form of the 
collected iodine was uncertain in some cases. For example, when the particulate 
iodine concentration was high, the deposition of particles on the honeycombs 
obscured the elemental iodine. Particulate iodine release occurred early in 
each run, and the lowest releases were noted during runs 1, 2, and 3, the 
low-activity runs. 

Release of Methyl Iodide 

Evans (16) has shown that methyl iodide is formed and released continuously 
from elemental iodine loaded on charcoals, in flowing moist air, as the result of 
a gamma radiation field. For good-quality impregnated charcoals, he reports a 
fractional release rate of radioactive iodine of approximately 50 x IO-6/hr when 
the gamma dose rate is 1.5 x 107 rads/hr, the temperature is 80°C, the velocity 
55 ,fpm (8O'C reference), the relative humidity is $ 75% (Q 265 torr water vapor), 
and the bed depth is 1 in. The release rate increases with radiation and with 
moisture content of the air. 

Our experiments are similar to those of Evans with regard to charcoal types, 
except that we use a lower air velocity (33.8 fpm at 80°C and 38.1 fpm at 125"C>, 
the bed depth is 2 in., the radiation source is iodine decay (mainly beta), and 
the moisture content is much lower. Our methyl iodide release rates, summarized 
in Table VIII, are compatible with Evans' data and proposed radiation reaction 
mechanisms when these differences are taken into account. 

The decreasing rate of release of CH31 with an increase in radiation 
intensity, which was observed in the first three experiments, suggested radiation 
decomposition of methyl iodide. On the other hand, the release rates during 
the first two experiments were not monitored long enough to give a realistic 
picture of the release behavior. Jones (17) showed that a gamma radiation 
field decreased the rate of release of methyl iodide when radioactive methyl 
iodide was loaded along with nonradioactive elemental iodine on unimpregnated 
charcoal in continuously flowing moist air. 

In our experiments the rate of release of methyl iodide decreased when the 
flow rate was reduced, increased again if the radioactivity was sufficient to 
increase the temperature to the 2OO'C range at the low flow rate, and then 
approached zero at higher temperatures, probably because of oxidation or thermal 
decomposition of the methyl iodide. The amount released at low flow and high 
temperature varied greatly with charcoal type, as seen in Tables III-VI. 

The distribution of iodine collected in the charcoal cartridges during 
operation at normal air velocity generally corresponded to distributions for 
methyl iodide published in the literature when mass transfer differences were 
taken into account. The iodine that was collected in the charcoal cartridges 
of run 3 was somewhat more penetrating than in other runs. In runs 6 and 7 
the first trap was located close to the main test bed and showed a skewed 
distribution that might have resulted from poisoning of the first few cartridges. 
The traps used with low air velocity indicated differing degrees of penetration. 
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Many of these traps were in use for only a short period of time so that the 
collected radioactive iodine was probably a mixture of adsorbed radioactive 
methyl iodide and isotopically exchanged iodine. For short-term operation, 
the temporarily adsorbed radioactive methyl iodide would have a steeper 
distribution than that which had undergone isotopic exchange. 

Methyl iodide behavior has frequently been correlated with the moisture 
and organic material content of the test atmosphere. We determined the moisture 
content of the air in the closed 20-liter test loop following runs 5 and 6 
and measured water vapor partial pressures of 9 and 3 torr, respectively. Most 
of the moisture put into the loop with the test charcoal was held in the charcoal 
of the collection beds and cleanup bed (Fig. 2). 

Air remaining in the closed loop was analyzed by gas chromatographic 
techniques for methane following runs 5, 6, and 7; concentrations of 30, 100, 
and 20 ppm were found for the respective runs. No other low-molecular-weight 
hydrocarbons were found. 

Desorption of Elemental Iodine 

In order to describe the rate of desorption of elemental iodine 
quantitatively, we made use of the data collected by the collimated gamma scanner 
which was used to monitor the movement of iodine within the bed. Gamma scan 
data are shown in Figs. 5 and 6 and in Table IX. A computer program was written 
to calculate the partial pressure of iodine in equilibrium with the charcoal 
according to the observed rate of movement within the bed. The rate of mass 
transfer for elemental iodine is very rapid, so that there is an essentially 
continuous equilibrium between the charcoal and the vapor phase. Therefore, 
the movement of iodine should be directly proportional to the air velocity 
within the bed. The gamma scanner monitored 17 increments or slabs along the 
length of the bed. We assumed that iodine which desorbed from the first (inlet) 
slab was readsorbed on the second slab, etc. We assumed a linear adsorption 
isotherm; thus the partial pressure of iodine is directly proportional to the 
mass concentration on the charcoal, P = x/k, where P i the partial pressure of 
iodine (atm), x is the total concentration of iodine on the charcoal, including 
impregnant (0.03 to 0.1 g of iodine per gram of charcoal), and k is the 
adsorption coefficient. 

The calculation is most accurate for the first l/2-in. of bed depth; 
hence we correlated experimental k values for this region with the temperature 
obtained from a thermocouple located in that region of the bed. Results are 
shown in Fig. 7. For each type of charco 

7 
we can express the value of k 

satisfactorily with the equation k = koemA RT, where A is the activation energy 
(Cal/mole), R is the gas constant, T is the absolute temperature (OK), and k, 
is a constant for each type of charcoal (g I/g charcoal*atm I). For MSA 85851 
charcoal, A = -19,000 Cal/mole and k, = 3.3 x 10'6 g/g*atm. No radiation 
effect on k was detected in the range 100 to 1100 Ci of I-130. 

The WITCC Grade 42 and GX-176 charcoals from runs 6 and 7 have lower values 
of k at low temperatures (i.e., higher partial pressures of iodine). The BC-727 
charcoal k-values from run 5 are intermediate to the above. 

In order to check the validity of the desorption model described above, we 
developed a second computer program, DESORB, in which very thin slabs were 
assumed and the mass transfer correlation of Chu (18) was used to describe 
the rate of mass transfer between gas phase and charcoal grain surface. This, 
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in effect, allows some of the iodine vapor to bypass the following slab, 
depending principally on the velocity, gas-phase diffusion coefficient, and 
charcoal particle size. For calculation of the diffusion coefficient, we 
used the equations assembled by Knudsen (19). Agreement with the observed 
iodine distribution was satisfactory. 

In order to compare our desorption rates with those measured in the absence 
of a high radiation field, we calculated k-values for the desorption of impregnant 
tagged with radioactive methyl iodide, mixed to distribute the activity, and 
exposed for 4 hr each at succeeding temperatures of 150, 200, 250, and 300°C 
with low-relative-humidity air (15 torr water vapor) flowing at a face velocity 
of 40 fpm (25OC reference)(20). The averages of the results are shown in Fig. 7. 

The large difference in k-values should not be attributed to a radiation 
effect since the experiments are very dissimilar with respect to the charcoals 
and experimental methods employed. One significant difference is the greater 
mass of iodine used in our experiments. In the laboratory tests in which a small 
electric heater was used to simulate radioactive decay heat, it was observed 
that the fractional desorption of iodine (including impregnant iodine) was 
greater when the charcoal was heavily loaded with iodine (2). We also observed 
that a charcoal with unusually high potassium content lost very little iodine 
during the ignition cycle even when heavily loaded. 

An empirical correlation devised to relate the above observations was 
successful in reducing some of the scatter in the impregnant desorption tests. 
The empirical correlation specified a standard charcoal containing potassium and 
iodine in equal atomic amounts, including natural and impregnant potassium as 
well as impregnant and loaded iodine. The k-value for the standard was 3 x 104 
at 200°C, changed with temperature according to an activation energy of 17,000 
Cal/mole, and decreased (or increased) by a factor of 10 for an increase (or 
decrease) of 65 + 35 mgI/g charcoal. The excesses of iodine (mgI/g charcoal) 
over KI for the first l/2-in. depth of bed were: run 3, 1; run 4, 44; run 5, 
40; 4un 6, 53; and run 7, 15. These are, generally speaking,compatible with 
the above empirical correlation and observed low k-values. 

Trial runs with DESORB covering the entire duration of runs 4 and 6 using 
the bed inlet region temperature variation with time reproduced the activity 
distribution in the first l/2-in. bed depth reasonably well when k was assumed to 
vary a factor of 10 for every 100 mgI/g charcoal change in concentration. When 
k was assumed to vary a factor of 10 with every 50 mgI/g charcoal change, the 
activity distribution peaks tended to be flatter than observed experimentally. 
Since k varies rapidly with temperature , more accurate modeling will require 
inclusion of the complete axial temperature profile. 

The effect of potassium concentration at very high temperatures was explored 
by Lingjaerde and Podo (21). They performed experiments at 45O'C and higher in 
helium atmosphere and found that coconut charcoals naturally containing potassium 
retained iodine well at these temperatures but that the iodine retention was poor 
when the potassium was removed by acid washing. When KOH was added in increasing 
amounts, iodine retention was improved. They also found that compounds containing 
sulfur destroyed the ability of charcoals to retain iodine at high temperatures. 
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summary 

The information obtained from the series of experiments performed to date 
applies to low-moisture atmospheres; similar experiments to be performed during 
the next year will be conducted with water vapor partial pressures of 250 torr. 

No large deleterious effects of the high radiation intensity were observed, 
other than those associated with the temperature increase resulting from decay 
heat. 

Below the ignition temperature, the greatest difference in behavior at 
a given radiation intensity occurred as a result of differences in the rate of 
heat release from oxidation. For comparable radiation intensities, ignition was 
attained in run 7 70 min after air flow reduction to 3.8 fpm (25'C), but in 
run 6 a maximum temperature of approximately 220°C was approached at the same 
velocity. Longer operation at high temperature during run 6 allowed a much 
greater total movement of elemental iodine before the experiments were 
terminated. 

The CHART computer program was shown to be capable of calculating the 
temperature behavior within the charcoal beds for the conditions of our high- 
activity ignition experiments. Temperature calculations must include ambient 
temperature increases and heat from oxidation and from moisture adsorption. 

The linear adsorption isotherm appears adequate for expressing the 
equilibrium between iodine vapor and adsorbed iodine when the concentration of 
total iodine does not vary greatly, but some adjustment appears to be required 
for large variations in concentration. 

The formation and release of penetrating forms of iodine (probably mostly 
methyl iodide) were low but compatible with previously proposed mechanisms (16). 

It is possible to adjust the impregnant concentrations, particularly total 
potassium and iodine, in order to obtain charcoals especially suited to certain 
conditions. If ignition should be of particular concern, lower potassium content 
and higher iodine content would generally result in higher ignition temperatures 
(low oxidation rates). For especially good retention of iodine at high 
temperatures, along with a greater risk of reaching ignition, high total potassium 
and low iodine concentrations should give favorable results. In any case, 
especially for critical applications, the charcoal must be carefully tested. 
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TABLE II 

SUMMARY OF OPERATING CONDITIONS AND RADIOIODINE RELEASE, RUN 3, MSA 85851 CHARCOAL, 

Time interval (min) O-620a 620-1790 

Main bed activity (Ci 130I)b 94 31 

Bed midpoint temp. range ("C) 1oo-103c 100-101 

Flow velocityd (fpm at 25'C) 28.5' 28.5 

Iodine Form Fraction of Radioactive Iodine Released (10m6) 

Elemental Q 0.2 Q 0.06 

Particulate 1.0 0.0010 

Penetrating 0.76 1.01 

Totale 1.97 1.07 

aLoading of 139 mg of radioactive iodine took place between 0 and 120 min. 

b Activity at end of time interval. Peak activity was 150 Ci at 120 min. 

'Flow velocity reduced to 3.8 fpm (25OC) between 516 and 576 min. Bed 
midpoint temperature rose to 115°C. 

d Air at 0.98 atm; water vapor partial pressure estimated at 4 torr. 

eGrand total fractional release of radioactive iodine was 3.04 x 10 -6 
. 
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TABLE III 

SUMMARY OF OPERATING CONDITIONS AND RADIOIODINE RELEASE, RUN 4, MSA 85851 CHARCOAL 

Time interval (min) -245 to Oa 0 to 28 28 to 36 

Main bed activity (Ci 130I)b 1000 980 970 

Bed midpoint temperature range ("C) 100-135 124-252 252-485' 

Flow velocityd (fpm at 25°C) 28.5 3.8 3.8 

Iodine Form Fraction of Radioactive Iodine Released (10m6) 

Elemental 0.5 + 0.5 0.40 0.38 

Particulate 17.3 If: 0.5 0.0003 0.014 

Penetrating 3.3 0.14 0.04 

Totale 21.2 0.54 0.43 

aLoadi ng of 259 mg of radioactive iodine took place between -245 and -135 min. 
bAir velocity reduced to 3.8 fpm (25'C reference) at 0 min in runs 4-7. 

Activity at end of time interval. 
'Ignition temperature of 300°C reached at 32.5 min at approximately 0.8-in. bed 
ddepth. 
Air at 0.98 atm; water vapor partial pressure estimated at 4 torr. All 
velocities are face or superficial, not interstitial. In metric units the 
velocities are 14.5 and 1.93 cm/set at 25°C. 

eGrand total fractional release was 22.2 x 10B6. 
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TABLE IV 

SUMMARY OF OPERATING CONDITIONS AND RADIOIODINE RELEASE, RUN 5, BC-727 CHARCOAL 

Time interval (min) -240 to Oa 0 to 29 29 to 39 

Main bed activity (Ci 130I)b 990 960 940 

Bed midpoint temperature range ("C) 100-130 130-252 252-473' 

Flow velocityd 28.5 3.8 3.8 

Iodine Form Fraction of Radioactive Iodine Released (10B6) 

Elemental < 0.5 0.78 4.7 

Particulate 1.9 0.001 0.06 

Penetrating 6.7 2.07 0.19 

Totale 8.6 2.85 4.9 

aLoadi ng of 231 mg of radioactive iodine took place between -240 and -135 min. 

b Activity at end of time interval. The half-life of I-130 is 12.3 hr. 

'Ignition temperature of 315°C reached at 35:5 min at approximately 0.8-in. bed 
depth. 

d Air at 0.98 atm, 25°C reference temperature; water vapor partial pressure, 
estimated at 9 torr. The velocities are 14.5 and 1.93 cm/set at 25°C. 

eGrand total fractional release was 16.4 x 10 -6 . 
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TABLE V 

SUMMARY OF OPERATING CONDITIONS AND RADIOIODINE RELEASE, RUN 6, WITCO GIUDE 42 
CHARCOAL 

Time interval (min) -252 to -150a -150 to 0 0 to 120 120 to 248 

Main bed activity (Ci 130I)b 650 570 510 450 

Bed midpoint temp. range ("C) 70-91 83-91 83-210 210-507' 

Flow velocityd (fpm at 25'C) 28.5 28.5 3.8 e 

Iodine Form Fraction of Radioactive Iodine Released (10m6) 

Elemental 3.2 0.09 0.56 Q 10,000 

Particulate 10.6 0.38 0.0008 4.4 

Penetrating 0.78 1.84 3.47 0.34 

Totalf 14.6 2.31 4.03 Q 10,000 

aLoading of 144 mg of radioactive iodine took place during this period. 

b Activity at end of time interval. The half-life of I-130 is 12.3 hr. 

'Ignition temperature of 368'C reached at 229 min at approximately 0.8-in. bed 
depth. 

dAir at 0.98 atm; water vapor partial pressure estimated at 3 torr. 

eVelocity was reduced to 1.43 fpm at 120 min (210'(J), reduced to 0.71 fpm 
at 163 min (236'(Z), and increased to 1.9 fpm at 246 min (429'C). 

fGrand total fractional release of radioactive iodine Q 0.01. 
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TABLE VI 

SUMMARY OF OPERATING CONDITIONS AND RADIOIODINE RELEASE, RUN 7, GX-176 CHARCOAL, 

Time internal (min) -390a to -226 -266 to 0 0 to 75 

Main bed activityb (Ci 13'1) 810 630 590 

Bed midpoint temp. range ("C) 70-98 84-93 84-445= 

Flow velocityd (fpm at 25'C) 28.5 28.5 3.8 

Iodine Form Fraction of Radioactive Iodine Released (10m6) 

Elemental 1.8 0.16 1.4 

Particulate 10.1 0.04 0.08 

Penetrating 0.9 2.6 2.1 

Totale 12.8 2.8 3.6 

aLoadi ng of 193 mg of radioactive iodine took place between -390 and -330 min. 

b Activity at end of time period. 

'Ignition temperature of 292'C reached at 70 min at approx. 1.3-in. bed depth. 

d Air at 0.98 atm; water vapor partial pressure estimated at 4 torr. 

eGrand total fractional release was 19.2 x 10 -6 . 
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JONAS: Ilow can you differentiate between the heat 
caused by physical adsorption of the gas by the carbon and the heat 
of reaction caused by the subsequent chemical reaction between the 
adsorbed methyl iodide (or iodine) and the carbon impregnants when 
you only report the overall heat from the combination? 

LORENZ: Since the iodine does not leave the bed, any 
desorption at one location is equalized by adsorption at another 
location. 

JOJJAS: I would like to make the following comment. -- 
One can consider as a simple model the overall heat measured as an 
additive sum of both the physical adsorption and the subsequent 
chemical reaction. It is now necessary to obtain the active carbon 
~~~;;~t;mpregnation and, under the same conditions of concentration, 

, and humidity, determine the heat due to physical adsorp- 
tion, The heat due to chemical reaction can be obtained by sub- 
traction of the physical adsorption heat from the overall heat. 

VELEZF At what specific level (curies/gram) did the 
m-specimen achieve ignition? 

LORENZ: There is no simple answer to this question as 
rtwends on other charcoal exposure conditions, such as oxidation 
rate, as well. The total number of curses and weight of charcoal 
for each experiment are given in the several tables, so it is 
possible to calculate the curies per pram. However, it does not 
mean that that was the critical value causing; ignition. IJsually, 
there was about 500 curies in about 10 p;rams of charcoal, or about 
50 curies per gram. In more recent experiments, we have decreased 
the radioactivity to about 25 curies per gram. Since preparinp: 
the paper, we have run a sample of used charcoal taken from one of 
the ORNL systems and found it ip;nites at a lower temperature than 
clean charcoal, all else being the same. We believe this results 
from heat released from the oxidation of the adsorbed materials 
added to decay heat plus charcoal oxidation heat. 

*Question submitted in writing after conclusion of Conference. 
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IODINE FISSION PRODUCT MASS TRANSFER IN ADSORBENT MEDIA 

J.L. Kovach and J.R. Hunt 
Nuclear Consulting Services Inc. 

Columbus, Ohio 

Abstract 

The iodine and methyl iodide removal efficiency of new and exposed adsorbent 
media was evaluated using tracer techniques. Particular attention was paid to 
kee 

-9 
the inlet iodine concentration near the atmospheric iodine concentration of 

IO w/m3. The zone depth of activity was measured at 5.08 - 81.28 cm/set 
(IO - 160 fpm) in a segmented adsorber system. The obtained results are useful 
for both the design of air cleaning systems and iodine fission product sampling 
cartridges. 

I Introduction 

Recently a very significant emphasis is placed on the removal efficiency of 
adsorbents for continuously released iodine fission products. Generally these 
iodine FP concentrations are defined in units of microgram/m3 at 10B8 to IO-l2 
values. Although these concentrations can validly be postulated for 1311 quan- 
tity, they do not represent the total iodine concentration. 
iodine content is in the range of 10B2 to low3 w/m3, (II 

Typical atmospheric 
2y 3~ 4), therefor 

it is difficult to postulate that an adsorbent system would be exposed to lower 
total iodine concentration than these values. 

In this series of experiments the iodine removal efficiency of adsorbents 
was determined as a function of superficial space velocity, bed depth, time 
and within limits adsorbent exposure to typical reactor atmosphere. 

Most of the experiments were performed using methyl iodide as the chem- 
ical species of the fission product iodine, because the elemental iodine removal 
efficiency is generally order or orders of magnitude higher than the methyl 
iodide removal efficiency. Both 1311 and 3H were used as tags to permit the 
development of mass transfer information. 

II Materials, Equipment, and Procedures 

Methyl 3H iodide at 2.5C/mN specific activity and methyl 13'1 iodide at 
20 - 25C/mgI specific activity was used for the experiments. Elemental iodine 
was tagged to the 20 - 25C/mgI level for the experimental series. 

The experiments were conducted in a dual water/air environmental chamber 
system. The compressed air used for the experiments was dried to -5OOC dew 
point, passed through a lm3 carbon adsorbent bed to remove the atmospheric i- 
odine and filtered through a series of four particulate filters to remove all 
particles with at least a 99.97% efficiency. The air was prehumidified in the 
water filled environmental chamber, where dew points within 0.2OC were main- 
tained. The air was passed to the air thermostated environmental chamber which 
is also equipped with both heater and refrigeration systems and internal blow- 
ers to maintain the temperature within 0.3OC set point. In both chambers the 
air is passed through a series of copper coils to permit temperature equili- 
bration. The control of humidity by setting the two systems at different 
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temperatures permits very close control of relative humidity. The actual tem- 
perature settings are based on the air temperature and calibration is performed 
against an NBS calibrated thermometer. 

The methyl iodide is injected in liquid form with a syringe into the re- 
frigerated valve of a 1000ml stainless steel cylinder and pressurized with 
high purity nitrogen. The thus diluted methyl iodide is metered through a 
calibrated rotameter into the main carrier gas stream. The methyl iodide nitro- 
gen flow is in the range of 0.01 to 0.2 of the total carrier gas flow, there- 
fore its effect on the relative humidity of the test loop is insignificant. 

The adsorbent media for these experiments was placed in the standard NUCON 
environmental sampling cartridges. These cartridges have an internal diameter 
of 40mm, the filled height is 52.3mm resulting in a cross sectional area of 
1,256.6mm2 and a filled volume of 65,720.2mm3. Each cartridge has a 5mm non- 
perforated blank margin at both faces to prevent high velocity bypass along 
the walls. One or more of these cartridges was used in series to result in 
the desired bed depth. The total flow was measured by a rotameter after the 
test beds and by a Rockwell totalizing gas meter. Guard beds were used where 
required. 

Counting of the sample cartridges was done in a Harshaw IOcm NaI well 
crystal. The entire cartridge fits into the well avoiding the mixing or re- 
arrangement of the adsorbent during successive test runs and measurements. A 
Canberra preamplifier, amplifier, discriminator, and scales system was used 
to obtain counts at the 0.3645 McW photopeak. Counting efficiency was approx- 
imately 46%. 

The cartridges when used in series were counted and reassembled for the 
additional time runs in the same geometry order as used in the previous runs. 
Each of the cartridges was also counted afterprequilibrationwith humid air 
for background correction of the counts. 

The breakthrough and transit characteristics of the tritiated methyl io- 
dide were measured using an Overhoff and Associates Betatec which has a sen- 
sitivity of 1.0 pC/m3. Data for the counts and ion chamber displays was printed 
out using a Hewlett-Packard digital printer. 

The inlet total iodine concentration was maintained at 0.9 - 1.2 X 10m3 

p3/m3 which corresponds to the lowest atmospheric iodine concentration in the 
United States. The I311 concentration corresponded to 0.8 - 1.1 X 10’5pg/m3. 

The main adsorbent evaluated was NUSORB 101621 which is a coconut shell 
based KI and TEDA coimpregnated adsorbent. Additional adsorbents evaluated 
were Barnebey-Cheney 727 and Sutcliffe-Speakman K13 impregnated carbon. Both 
of these were 8 X 16 (U.S. Sieve) mesh, approximately 1400m2/g surface area 
coconut shell carbons. Several samples of used SC 727 (from 18 to 36 months 
exposure) were also obtained from nuclear reactor air cleaning systems. 

III Presentation of the Results 

Methyl 131 Iodide Series 

All of these experiments were performed at 25OC and 95% RH. The bed was 
segmented into six 52.3mm beds. Tests on new NUSORB 101621 adsorbent were run 
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at 5.08, 20.32, 40.64, and 81.28 cm/set (10, 40, 80, and 160 fpm) superficial 
air velocities. Used carbons and other adsorbents were tested only at 20.32 
cm/set. Most tests were 
the same cartridges. In 
test conditions was also 
shown on Tables 1, 2, 3, 

Loadinq 

Bed Depth cm 

performed at 1, 2, 4, 8, and 16 hours loading time on 
several cases a 16 hour post sweep using air under the 
performed. The results of these experiments are 
4, and 5. 

Table 1 

Efficiency % 

5 IO 

Res. Time set 1.03 2.06 

1 Hr 99.72 99.79 

2 Hr 99.90 99.91 

4 Hr 99.94 99.95 

8 Hr 99.95 99.96 

16 Hr 99.97 99.98 

16 Hr Post Sweep 99.95 99.97 

15 20 

3.09 4.12 

99.84 99.88 

99.94 99.96 

99.97 99.98 

99.97 99.98 

99.99 99.99+ 

99.98 99.99+ 

Conditions: 25OC, 95$RH, 5.08 cm/set (10 fpm) 

Table 2 

Loadinq Efficiency ‘$ 

Bed Depth cm 5 IO 15 

Res. Time set .26 .52 .78 

1 Hr 99.25 99.68 99.80 

2 Hr 99.45 99.02 99.88 

4 Hr 99.44 99.89 99.98 

8 Hr 99.35 99.87 99.94 

16 Hr 99.29 99.97 99.99 

16 Hr Post Sweep 99.03 99.97 99.99 

Conditions: 25OC, 95$RH, 20.32 cm/set (40 fw) 

25 30 

5.15 6.18 

99.96 99.99 

99.99 99.99+ 

99.99 99.99+ 

99.99+ 99.99+ 

99.99+ 99.99+ 

99.99+ 99.99+ 

20 25 

1.04 1.30 

99.89 99.95 

99.93 99.96 

99.99 99.99+ 

99.96 99.98 

99.99+ 99.99+ 

99.99-b 99.99+ 

30 

1.56 

99.99 

99.99 

99.99+ 

99.99+ 

99.99+ 

99.99+ 

. ., ..” “._ . . - .--“..-_. 
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Table 3 

Loadinq Efficiency % 

Bed Depth cm 5 10 15 

Res. Time set .I3 .26 .39 

1 Hr 95.72 99.78 99.89 

2 Hr 96.62 99.89 99.95 

4 Hr 95.85 99.84 99.94 

8 Hr 94.61 99.73 99.90 

16 Hr 91.39 99.76 99.90 

16 Hr Post Sweep 91.38 99.75 99.90 

Conditions: 25OC, 95$RH, 40.64 cm/sac (80 fpm) 

Table 4 

Loadinq Efficiency % 

Bed Depth cm 5 10 15 

Res. Time set .065 .I3 .20 

1 Hr 93.31 99.95 99.99 

2 Hr 91.81 99.84 99.99 

Conditions: 25OC, 95$RH, 81.28 cm/sac (160 fpm) 

Table 5 

Carbon Efficiency % 

Bed Depth cm 5 IO 15 

Res. Time set .26 .52 .78 

BC 727 new 98.25 99.08 99.70 

SS KI new 93.55 98.93 99.70 

BC 727 used* 74.62 96.46 99.55 

BC 727 used** 35.20 66.11 83.87 

20 25 

.52 .65 

99.99 99.99+ 

99.99 99.99+ 

99.99 99.99+ 

99.99 99.99+ 

99.99 99.99+ 

99.99 99.99+ 

30 

.78 

99.99+ 

99.99+ 

99.99+ 

99.99+ 

99.99+ 

99.99+ 

20 

.26 

99.99+ 

99.99+ 

25 

.33 

99.99+ 

99.99+ 

30 

.39 

99.99+ 

99.99+ 

20 25 30 

1.04 1.30 1.56 

99.88 99.95 99.99+ 

99.90 99.95 99.99+ 

99.81 99.95 99.99 

93.13 97.63 99.05 

Conditions: 1 Hour Loading, 25OC, 95$RH, 20.32 cm/set (40 fpm) 

Y Continuously exposed in a power reactor environment for 1 year 
** Continuously exposed in a power reactor environment. for 2 years 
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In the standard RDT condition methyl iodide tests, both of the used carbons 
showed less than 10% efficiency for a 5cm (2 inch) bed depth at the same 95% 
relative humidity. 

Methyl 3H Iodide Series 

All of these experiments were performed at 25OC, 95%RH, and 20.32 cm/set 
(40 fpm) air velocity on sample cartridges. After temperature and humidity 
equilibriums were achieved CH2TI was injected to result in a 10,000 PC/m3 inlet 
spike. The outlet activities were continuously monitored. Total iodine content 
was maintained at the 0.9 - 1.2 X 10e3 t]g/m3 level. 

The time after injection and maximum reading data is shown in Table 6. 

Carbon Type 

NUSORB 101621 

Table 6 

Max Outlet PC/m3 Peak Appearance Time min 

10 105 

BC 727 50 40 

BC 727 used* 220 7.5 

BC 727 used** 860 7.5 

Conditions: 25OC, 95%RH, 20.32 cm/set, (40 fpm) 

* Continuously exposed in a power reactor environment for 1 year 
*+ Continuously exposed in a power reactor environment for 2 years 

Velocity 

cm/set 

Table 7 

Efficiency % 

Res. Time set 1.03 

5.08 99.72 

20.32 99.89 

40.64 --- 

81.28 -me --- 

All data shown 1 Hour loading. 

.78 .26 

--- 

99.80 

99.99 

-a- 

99.25 

99.78 

99.99 
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IV Evaluation of the Results 

The 13’1 tagged methyl iodide series indicate several significant facts. 

The first one of these is that methyl iodide removal efficient at this at- 
mospheric iodine concentration is not lower than for the high (mg/m 3 range) con- 
centrations. 

The mass transfer zone of the methyl iodide removal, particularly at the low 
velocity operation appears to be longer after short loading times, however this 
may be an effect of the lower counting precision, because at longer loading times 
and higher subsequent cpm/cartridge levels the observed efficiency improved. 

The methyl iodide removal efficiency can not be correlated on the basis of 
residence time. As an example, Table 7 shows equal residence time efficiencies 
at different carrier gas velocities. In all cases at higher velocities and 
equal residence times the efficiency increased. 

Actual activity wave (mass transfer zone) progression was observed only 
at and above 40.64 cm/set (80 fpm) velocities. 

Below 40.64 cm/set velocity there appears to be a leading edge resulting in 
a mass transfer zone of approximately 15cm which should correspond to minimum 
bed depth design for continuously operated adsorbent beds. 

The rate of movement of the methyl iodide decontamination front can be 
approximated only from the obtained results; for accurate design measurements, 
adsorption runs with an order of magnitude longer loading times are required. 
However, as an example the results indicate that even at 40.64 cm/set (80 fpm) 
velocity the rate of zone movementismuchlessthan 5cm/16 hours (or 0.32 cm/hours). 
From standard adsorption equations the zone rate of movement has the following 
relationship: 

Uo + 
0 

(1) 

where u,: rate of zone movement 

: 
: carrier gas velocity 

0: inlet concentration 
N 0: adsorption capacity 

The adsorption isotherms (capacity versus concentration curves) for methyl 
iodide at no point indicate even a near order of magnitude drop in No when Co 
decreases by an order of magnitude. 

The3fore9 u 
will be significantly slower 

as the inlet concentration decreases. 

Additionally because the observed mass transfer zone is for the radioactive 
component only Equation (1) has to be modified to: 

u=u o exp (-It) (2) 

This equation indicates that the movement of CH313’I will practically 
cease after the zone traveled for 3/x time through the adsorbent bed. This zone 
movement is based on the one half inlet concentration movement which appears to 
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be of 0.05 cm/hour. This value would indicate that decay beds can be designed 
for iodine; a safe typical bed depth is indicated at the order of 30 cm or less. 
An order of magnitude drop in inlet concentration would result in an approximate 
50% less bed depth. 

The penetration of tritiated methyl iodide through new and exposed adsor- 
bents appears to have a promise for aging evaluation. Regardless of the means 
of removal, the methyl iodide has to be present on the surface of the adsorbent 
to permit isotope exchange or reaction. If due to loss of reactant or coadsorp- 
tion of poisoning agents the methyl iodide transport through the adsorbent bed 
is of insufficient duration the removal efficiency will decrease. Additional 
studies are required to present a conclusive case for this type of aging eval- 
uation. 

The low concentration methyl iodide removal efficiency of used adsorbents 
does not decrease as fast as their high concentration removal efficiency. 
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ilISCUSSIOiJ 

DEITZ: 
therange above 99%, 

When a removal efficiency is reported to be in 
one is essentially dealing with differences 

between large numbers. It would be more significant, statisticallv 
speaking, to report the actual penetration and improve the detection 
to make the leakage observable. 

KOVACH: Probably the best method would be to report 
decontamination factors. I don't think there is an established 
nomenclature at this time. 
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EFFECT OF ALKALI METAL CONTENT OF CARBON ON RETENTION OF IODINE AT HIGH TEMPERATURES 

A. G. Evans 
Savannah River Laboratory 

E. I. du Pont de Nemours and Company 
Aiken, South Carolina 29801 

Abstract 

Activated carbon for filters in reactor confinement systems is intentionally 
impregnated with iodine salts to enhance the removal of radioiodine from air 
streams containing organic iodides. When a variety of commercial impregnated 
carbons were evaluated for iodine retention at elevated temperatures (4 hours 
at 180°C), wide variations in iodine penetration were observed. The alkali 
metal and iodine content of carbon samples was determined by neutron activation 
analysis, and a strong correlation was shown between the atom ratio of iodine 
to alkali metals in the carbons and the high-temperature retention performance. 
Carbons containing excess alkali (especially potassium) have iodine penetration 
values 10 to 100 times lower than carbons containing excess iodine. Both low 
I/K ratios and high pH values were shown essential to high efficiency iodine 
retention; therefore, conversion of elemental iodine to ionic iodine is the basic 
reaction mechanism. 

The natural high K+ content and high pH coconut carbons make coconut the 
preferred natural base material for nuclear air cleaning applications. Studies 
show, however, that treatment of low potassium carbons with a mixture of KOH 
and 12 may produce a product equal to or better than Ie-impregnated coconut 
carbons at a lower cost. 

* The information contained in this article was developed during the course of 
work under Contract AT(07-2)-l with the U. S. Atomic Energy Commission. 
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Introduction 

The airborne activity confinement systems for the Savannah River production 
reactors are designed to collect halogens and particulates that might be released 
in the highly unlikely event of a reactor accident(l). A continuing program is 
in progress at the Savannah River Laboratory to evaluate the performance of the 
confinement systems (each reactor has an identical system) for removing airborne 
radioactivity under accident conditions and to develop techniques to enhance the 
reliability and efficiency of the systems. 

Previous studies at Savannah River showed that the unimpregnated type 416* 
carbon used for many years in the system retained iodine less effectively than 
many types of impregnated carbons when exposed to an intense radiation field 
such as that which would result from the accumulation of radioiodine following 
a major reactor accident (2, 3, . The results of a series of screening tests 
conducted to aid in the selection of a suitable replacement carbon were reported 
at the Twelfth Air Cleaning Conference(4). In these tests, coconut-shell carbons 
impregnated with triethylenediamine (TEDA) or a combination of TEDA and KI were 
shown to be the most effective for iodine retention in the Savannah River con- 
finement systems. 

Subsequent testing at Savannah River(5) confirmed the earlier observations 
of Adams, et aZ. (6) that carbons with high TEDA content exhibit significantly 
reduced ignition temperatures as the result of the fairly low (Q19O’C) flash 
point of TEDA. Savannah River studies showed, however, that carbons with re- 
duced TEDA content could be manufactured which exhibit satisfactory ignition 
temperature and iodine retention properties(7). A 1% TEDA - 2% KI product 
(designated GX-176**) is currently being installed in the Savannah River con- 
finement system. 

With the selection of a suitable replacement carbon for the confinement 
system(7), research efforts were directed toward explaining the anomalous 
thermal desorption behavior of iodine from various commercial iodized carbons. 
In the earlies screening tests (2,3), similar iodized carbons (nominally 5% 
KI-I1 on 1500-m2/g coconut carbon) exhibit highly variable results when tested 
for thermal desorption at 180°C (penetration values ranging from 0.023% to 12.8% 

* Product of Barnebey-Cheney Company, COlUmbUS, Ohio. 

** Product of North American Carbon Company, Columbus, Ohio. 
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in a four-hour test). The extremes in penetration values were obtained from two 
different lots of carbon from the same vendor. Investigation revealed that the 
principal factors in retention behavior were the iodine and potassium content of the 
carbon (especially the atom ratio I/K) and the pH of the carbon(g). 

Discussion 

High-Temperature Desorption Tests 

The high-temperature desorption test was initially designed as a screening 
test to aid in selecting potential replacement carbon types for the Savannah 
River confinement system (2). The test conditions (lo-minute loading of ele- 
mental iodine at ambient temperature. and humidity followed by 4 hours de- 
sorption at 18O’C and <l % relative humidity) were selected to prevent damage 
to the “Teflon”*- coated test apparatus and “Neoprene”* “O”-rings used as seals 
in the apparatus. The 180°C temperature is also near the upper limit of useful- 
ness for nuclear carbons because thermal desorption of iodine becomes significant 
in this temperature range. HEPA filter blinding data presented in an earlier 
paper in this conference(g) show that this elevated temperature could be attained 
in a hypothetical accident. Moreover, because of the sensitivity of some commercial 
carbons to high temperatures, the high-temperature desorption test has been proposed 
for inclusion in the ASTM Standards for carbon testing. 

In the original screening test series(3), 13 of the 21 candidate adsorbers 
were subjected to the high-temperature test and had penetration values ranging 
from 0.003% (5% TEDA on coconut carbon) to 12.8% (KI-12 on coconut carbon) (3,4). 
The data fall into three broad penetration categories: 

(1) very low (<O.OlO%): coconut base carbons either unimpregnated or im- 
pregnated with TEDA or TEDA and KI; 

(2) intermediate (0.01 to 0.10%): coconut base carbon impregnated with Iz, 
KI-12, or Pb12; and 

(3) very high (>l .O%) : coconut base carbons impregnated with KI-12, and 
petroleum base carbons impregnated with KI or TEDA. 

The anomaly in the data is that four of the products originally tested 
were nominally identical (Q5% KI-I2 on 1500-m2/g coconut carbon), yet the 
high-temperature penetration values ranged from 0.028% to 12.8%. Sub- 
sequent testing of a different manufacturing lot of the carbon showing 
12.8% penetration had a penetration of only 0.023%. 

Preliminary investigation of the cause of the variability indicated th t 
different methods of impregnation may have been used by the four vendors( 38; 
however, confirmation of the techniques could not be obtained because of the 
proprietary nature of the processes. Because the two principal methods which 

*Registered tradenames of E. .I. du Pont de Nemours and Company. 
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could be employed* could result in different degrees of alteration of the 
chemical content of the carbon, samples of the five carbons were analyzed for 
K, Na, and I content by neutron activation analysis and for residual alkalinity 
by measuring the pH of a water extract of the carbons. The results of these 
analyses indicated a strong correlation between the atom ratio of iodine to 
potassium (I/K ratio) and the high-temperature iodine penetration test re- 
sults. The sodium content of the carbons was consistently <0.2% (by weight) 
and was not related to penetration. 

Chemical Analysis of Carbons 

Results of neutron activation analyses of several commercial 12-impregnated 
carbons are shown in Table I along with the pH and iodine penetration data. 
The comparison between I/K ratios and high-temperature penetration data for 
coconut carbons is presented graphically in Figure 1. 

To rule out the possibility of variations in the natural K+ content of 
the base carbon(three of the four vendors use the same base carbon), repre- 
sentative samples of base carbon from lots manufactured over a S-year period 

show very little change were also analyzed for K+ and Na+ content. The data 
from lot to lot as indicated in Table II. 

Table I Chemical analysis of commercial iodized 

Carbon Potassium, Iodine, Atom Ratio 
Vendor wt % wt % I/K 

AC 0.958 4.01 1.29 

B 1.14 4.42 1.19 

C 1.75 3.78 0;664 

D-ld 1.55 3.01 0.600 

AC 2.23 4.23 0.586 

D-2 1.04 1.31 0.387 

D-3 1.26 1.30 0.318 

coconut carbons. 

Iodine 
PHa Penetration, %b 

7.05 12.82 

9.56 2.41 

9.36 0.052 

9.62 0.028 

9.02 0.023 

9.86 0.006 

10.06 0.003 

a. 5 g carbon in 20 ml distilled water. pH of water measured after 20 
minutes soaking. 

b. High-temperature desorption, see text for test description. 

c. One of two manufacturing lots of the same type carbons. 

d. 1, 2, and 3 represent 3 different carbon types from the same vendor. 

* The “dip” method could possibly result in a water leached carbon; and 
the “spray” method could result in an unleached carbon, if the liquid 
addition is controlled below the saturation level of the carbon. 
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Figure 1 Penetration vs. I/K Ratio for 
Commercial 12-Impregnated Carbons 

Table II Chemical content of 1500 m2/g coconut base carbons. 

Manufacture 
Date --- pHa K+, wt X Nat, wt % 

3/69 9.9 1.18 0.11 

6/70 10.0 1.17 0.07 

2/71 9.9 1.19 0.08 

3/ 72 9.9 1.30 0.09 

10/73 10.3 1.27 0.06 

a. See Table I for test description. 
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The data suggest a basic reaction mechanism for high efficiency elemental 
iodine retention by activated carbon as shown in idealized form in Equation (1). 

IZ + 2K+ + 2(OH)- -t 2K+ + 21- + Hz0 + $0, (1) 

In a strongly basic environment (pH >9.0), one could postu’la& <he &r- 
mation of the iodate, hypoiodite, or periodate ions as well, but the simpli- 
fied view of conversion of IZ to I- is adequate to illustrate tne point. IllG 
potassium salts of iodine show high inherent stability and indicate that the 
combination of excess K+ and a basic environment best promote stabilized ionic 
iodine formation. Thus coconut carbon, because of its high natural basicity 
and high natural K+ content, is the best natural iodine adsorber. 

Laboratory Impregnated Carbons 

In an effort to define specific reaction mechanisms,three series of 
experiments were u?dertaken: (1) vapor-phase I:! impregnation of natural-K+ 
carbon (constant K , 
of a K+-free carbon, 

varying 12 concentration) ; (2) vapor-phase 12 impregnation 
followed by KOH impregnation (constant 12, varying K+ 

concentration; and finally (3) liquid KOH-I 2 impregnation of a K+-free carbon. 

To minimize the effect of a variable base carbon (base carbons have inherently 
different iodine capacities), a 5-gallon drum of Ql500-m2/g coconut carbon was 
obtained from a carbon vendor. After preliminary analysis, a portion of the 
carbon was vapor-phase impregnated with 12 at three different concentrations 
(nominally 2%, 4%, and 6% by weight). To test the Savannah River impregnation 
techniques, a commercial vendor also supplied samples of the same base carbon 
impregnated with the same concentrations of 12. 

Analyses of potassium and iodine contents of the 12-impregnated, natural 
potassium carbons are shown in Table III with high temperature iodine pene- 
tration data. The I/K ratio vs. the logarithm of penetration is also plotted 
in Figure 2 along with the data from commercial carbons. A slightly better 
least squares correlation (0.963 vs. 0.952) was obtained when the function 
(I/K)/pH was plotted against the logarithm of penetration instead of I/K. This 
correlation jndicates some dependancy on pH as shown in Figure 3. 

The second phase of the study involved removal of soluble potassium from 
the base carbon, vapor-phase impregnation with a constant IZ content (-4%), 
and addition of potassium (as+KOH) at various concentrations. In these 
experiments, two methods of K removal were used: (1) repeated distilled water 
washes (in a soxhlet extractor); and (2) dilute HaPOk leaching followed by re- 
peated distilled water washes. In all cases, the reconstituted potassium 
samples showed a marked deviation from a straight logarithmic increase in pene- 
tration with increasing I/K ratios (or (I/K)/pH ratios). Samples washed with 
distilled water and impregnated with KOH showed consistently lower iodine pene- 
tration than commercial carbons or I1-impregnated carbons at all (I/K)/pH ratios. 
The H,PO&-treated samples were about equivalent to natural K+ samples at I/K 
ratios <l [(I/K)/pH ~0.11 and similar to water-washed samples at I/K ratios >l 
[(I/K)/pH >O.l] (Figure 4). These experiments indicate that added potassium 
(as KOH) is more readily available for reaction than the natural potassium 
present in coconut carbon. The data also suggest a method for improving the 
high-temperature performance characteristics of noncoconut base carbons. 
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analysis of 12-impregnated, natural-potassium carbons. 

Potassium, Iodine, Penetration, 
Carbona wt % wt % I/K pH %b 

SRL-24V 1.57 2.59 0.507 10.28 0.049 0.018 

SRL-2%' 1.55 3.63 0.720 9.69 0.074 0.115 

SRL-26V 1.40 5.45 1.203 9.50 0.127 0.339 

SRL-24 1.64 1.53 0.287 9.68 0.030 0.015 

SRL-25 1.52 2.67 0.541 9.30 0.058 0.057 

SRL-26 1.44 5.52 1.181 8.05 0.147 0.755 

a. Arbitrary numbers: those followed by V's were vendor impregnated; the 
remainder were impregnated at Savannah River. 

b. High-temperature desorption; see text for conditions. 

0.001 I 
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

Atom Ratio I/K 

Figure 2 I/K vs. Penetration for I -Impregnated 
Carbons with Natural Pota&ium 

749 



13th AEC AIR CLEANING CONFERENCE 

-1 
I I I I I I 

tg 0.01 5 0 

- I/ 
r 

0 

0.001 b I I I I I I 
0 0.04 0.08 0.12 0.16 0.20 0.24 0.28 

(I/K) /pH 

Figure 3 (I/K)/pH vs. Penetration for I -Impregnated 
Carbons with Natural Potassium2 



13th AEC AIR CLEANING CONFERENCE 

52 IO - . 

g 0.01 
.- 
u 0 n H3P04-Leached Coconut + KV 

*o A Water-Leached Coconut + KL 

0.001 h I I I I I I 
0 0.04 0.08 0.12 0.16 0.20 0.24 0.28 

(I/K)/pH 

Figure 4 (I/K)/pH vs. Penetration for All Carbons 
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The third set of experiments involved co-impregnation of K+-free carbons 
(coconut and noncoconut) with K+ and I- using a KOH-Ia solution. Two samples 
were also prepared using NaOH rather than KOH to determine whether K+ is the 
preferred impregnant. In the first experiments, several batches of water-washed 
coconut carbon were combined (our soxhlet extractor has about a 200-g capacity 
for coconut carbon) and were blended, and the blend was divided into two portions. 
The first portion was vapor-phase impregnated with 12 (~3.0%). One half of the 
iodine-impregnated carbon was then impregnated with ~1.5% K+ (as KOH) and 
designated KV for KOH + 12 vapor. The other half was impregnated with ~1.5% Na+ 
(as NaOH) and designated NaV for NaOH + 12 vapor. The second portion of the 
original blended sample was also divided into two samples. The first was 
impregnated with a solution of KOH-I 2 and designated KL for KOH + IL liquid. 
The second was impregnated with a solution of NaOH-12 and designated.NaL for 
NaOH + 12 liquid. The iodine/alkali metal ratio was chosen to approximately 
duplicate the (I/K)/pH ratio of one of the better commercial 12-impregnated 
carbons. The (I/A) pH (where A = alkali metal) ratios are compared with high- 
temperature iodine penetration values in Table IV. The commercial carbon is 
also shown for comparison. 

The data show that KOH-I1 liquid impregnation produces a superior product 
(sample KL) when evaluated by the high-temperature desorption test. 

To investigate the applicability of the impregnation technique to other 
carbon types, a sample of a commercial coal base carbon was obtained. This 
carbon had been screened to an 8 x 16 particle size distribution (the same 

Table IV Iod ine penetrations of selected coconut carbons. 

Carbon (I/K)/pH (I/Na)/pH 
Iodine 

Penetration, Za 

Kvb 

NaVb 

KLb 

NaLb 

Commercial 

0.069 -- 0.007 

-- 0.040 0.014 

0.059 -- 0.002 

-- 0.052 0.041 

0.062 -- 0.028 

a. High-temperature desorption; see text for conditions. 

b. See text for sample description. 
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particle size distribution as the coconut-base carbon). Both vapor-phase iodine 
impregnation followed by KOH impregnation and KOH-12 coimpregnation were used. 
The test data show that noncoconut carbons can be made into effective iodine 
adsorbers. Analytical and test data are shown in Table V; coconut carbon sample 
KL is shown for comparison. 

Table V KOH impregnated coal base carbon samples. 

Sample (I/K)/pH 
Iodine 

Penetration, %a 

Coal KVb 0.093 0.018 

Coal KL-1’ 0.066 0.003 

Coal KL-2d 0.066 0.002 

Coconut KLe 0.059 0.002 

a. High-temperature desorption test; see text for conditions. 

b. Vapor-phase iodine (-4%) + -1.2% K (as KOH). 

a. KOH-Ia coimpregnation (2.8% I1, 1.2% K by weight). 

d. KOH-I. coimpregnation (4.4% 11, 1.9% K by weight). 

e. KOH-Ia coimpregnation (2.2% In, 1.1% K by weight). 

Other Tests of KOH-Impregnated Carbons 

Impregnation of activ 
@:lfy 

rbon with potassium salts lowers the ignition 
temperature of the carbon . Thus, use of the KOH-I1 impregnation tech- 
nique involves balancing the iodine retention characteristics against the ig- 
nition characteristics of the carbon. Other factors to consider are the 
availability and cost of the base carbon and the physical properties of the 
base carbon that may limit its usefulness for air cleaning applications 
(specifically the hardness and resistance to attrition by a flowing air stream). 
Coconut carbon has long been used for air cleaning applications because its 
physical properties and iodine retention properties were satisfactory at a 
reasonable cost. Increasing worldwide demand for coconut carbon has caused 
significant price increases and accentuates the need to find alternative base 
materials suitable for nuclear applications. 

Use of the KOH-Ia impregnation technique may provide a means of improving 
the iodine retention properties of alternative base carbons to the extent that 
they perform as well as or better than coconut carbon. To this end, the coal 
base samples listed in Table V were tested for ignition temperature, and the 
better sample (Coal KL-1) was tested for iodine retention in an intense radiation 
field (the radiolytic desorption test (3)). Data are shown in Table VI along with 
comparable data for one of the better commercial coconut carbons. 
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Table VI Comparison of coconut and coal carbons. 

Sample (I/K)/pH 
Ignition Temp., 

"CU 
Thermal Iodi ng 
Desorption, % 

Coal (as received) c.006 475 0.006 

Coal KL-1 0.066 330 0.003 

Coal KL-2 0.066 310 0.002 

Commercial Coconut 
Carbons 0.062 340+ 0.028 0.016 

Radiolytic Iodine 
Desorption, %= 

-0.3 

0.020 

-- 

a. As measured in a “standard” quartz apparatus at a heating rate of S’C/min 
and a superficial dry air velocity of 17 m/min (at 2OO’C). 

b. Elemental iodine desorption in 4 hours at 18O’C and cl% relative humidity. 

c. Elemental iodine desorption in S hours at 18O’C and -95% relative humidity 
and an adsorbed dose rate of 3 x 10’ rad/hr. 

The data show that the coal-base carbon has promise. Samples of this carbon 
have been sent to other laboratories for CHII retention tests. Other base carbons 
(wood, coal, and petroleum) have been requested from carbon vendors to further 
evaluate the effectiveness of the impregnation technique. 

Concl us i ons 

Combining the thermal desorption test for elemental iodine retention by 
activated carbon with neutron activation analysis of iodized carbons has led 
to a better understanding of one of the basic reaction mechanisms for iodine 
retention. Two essential components for high efficiency iodine retention 
are excess potassium ion (atom ratio I/K ~1.0) and a high pH for conversion 
of I2 to ionic iodine. Coconut-shell carbon, with its high natural K+ content 
and high pH, is the best natural base carbon for nuclear applications. 

Preliminary test data show that impregnation of other base carbons with 
a KOH-I2 mixture can improve the high-temperature performance characteristics 
of these carbons to the point that they are equal to or better than natural 
coconut carbons impregnated with KI or KI-1~. Additional studies, including 
service-related effects, may lead to the development of domestic carbons which 
perform better and cost less than imported coconut carbons. 
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DEITZ: To supplement the chemical analysis data in 
'Table 1 of 2vans' paper, reference can be made to results in the 
forthcoming report "Survey of Domestic Charcoals for Iodine Reten- 
tion" by Deitz and Burchsted. The following table*summarizes anal: 
ytical results for K and oH in four categories of charcoals. In 
addition, when the absolute value of K is large, the ratio K/Na 
> 1; when K is small, the same ratio < 1. 

WILHELFI: Did you measure the iodine removal efficiency 
in--Gf higher relative humidity after impregnation with notass- 
ium hydroxide? It may be that the charcoal will adsorb more water 
because of the presence of a hyproscopic compound. 

EVANS: --.- 
EXese experiments is 

The thermal desorption test used in most of 
run at low relative humidity (1%). We did, 

however, test some of the KOII-impregnated carbons for radiolytic 
desorotion at hiqh humidity (>35$) without any indication of 
excessive moisture pickup by the carbon. 

WILHELM: Did you measure the iodine removal efficiency 
l?iilFof higher relative humidity after impregnation with potass- 
ium hydroxide? It may be that charcoal will adsorb more water 
because of the presence of a hygroscopic comnound. 

EVANS: The principal test mentioned in this paper is __-- 
the thermal desorption test which is run at less than 1% relative 
humidity. We have, however, run radiolytic desorption tests 
( at >gO% relative humidity) on some of the KOIl impregnated carbons, 
and found no moisture pickup problems. That is, no bed floodinp: 
occurred which would indicate excessive moisture pickup. The amount 
of KOH added to the low potassium carbons does not exceed the 
natural potassium content of coconut carbons, so I wouldn't expect 
any dramatic effects due to potassium addition. 

IJEITZ: Mr . Burchsted and I are making a survey of a ~- 
number of charcoals having different base materials, and here is 
a summary of what is available. The coconut charcoals run about 
1 percent potassium. The petroleum based charcoals are quite low. 
Coal based charcoals can be anywhere from 1 to 1000 parts per 
million, and some wood based charcoals are quite low. Where 
potassium is high, the potassium - sodium ratio is very large; 
where the potassium is small, the potassium - sodium ratio is very 
small. These, and other results will be included in a survey report 
that will be issued shortly. 

*Table on P* 75- 
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Potassium and DH of Charcoals _ 

Coal Base 
K - 

pm 
4008 790 
4009 64 
4012 900 
4013 860 

DH 
8.4 
7.1 
8.3 
8.2 

Wood Base 
K - E!i 

mm 
4018 70 2.7 
4019 110 2.8 

4010 
4011 
4024 
4027 

Coconut Base 
K - DH 
wm 

12900 9.6 
10800 9.7 
10700 9.6 
11400 9.8 

Petroleum Base 
K - DH 

4006 
4007 

Pm 

15 
50 
757 

9.0 
9.3 
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SOLID ADSORBENTS FOR COLLECTION AND STORAGE OF IODINE-129 FROM REPROCESSING PLANTS* 

D. T. Pence and B. A. Staples 
Allied Chemical Corporation 

Idaho Chemical Programs - Operations Office 
National Reactor Testing Station 

Idaho Falls, Idaho 83401 

Abstract 

Because of the long half-life and relatively large quantities produced during 
fission of nuclear fuels, 12gI will have to be recovered and stored indefinitely to 
prevent undue radiation exposure to the local population around nuclear fuel re- 
processing facilities. Although release limits have not been specified for repro- 
cessing plants, an interim design objective of at least a lo6 reduction is 
suggested. Methods proposed for collection of 12gI from reprocessing plant 
effluents include wet scrubbing and the use of solid adsorbents. The relative 
merits for the use of solid adsorbents for collection and long-term storage of 
iodine are discussed. 

I. Introduction 

Iodine-129 is produced by both natural and man-made sources. Natural produc- 
tion of 12gI is principally from spontaneous fission of uranium and cosmic-ray 
interaction with atmospheric xenon. Although the annual world-wide generation 
rate is quite low, QlO mg/yr, the estimated pre-1940 inventory was about 2 x lo5 g 
because of its long half-life, 1.6 x lo7 yr.(I) The comparable global inventory of 
total iodine is estimated to be about 8 x 1016 
total iodine of about 2 x 10-12. 

g, giving a ratio of natural 12gI to 

Recently in a USAEC Regulatory Guide (2) the design objective for the maximum 
annual dose or dose commitment to the thyroid of an individual in an unrestricted 
area from all pathways of exposure, as determined for 1311 from light water-cooled 
nuclear power reactors, was established to be 15 mrem. 
cribed by Russell and Hahnt3), 

Using a procedure des- 
the calculated quantity of 12gI required to yield a 

human thyroid dose of 15 mrem/yr was determined to be about 2 ug. Because the 
biological half-life of iodine in a human thyroid is about 100 days, an additional 
amount of 12g~ has to be replaced to maintain a constant dose rate in the thyroid. 
The ratio of 12g~ to total iodine, Rt (using the notation of Russell and Hahn(3) ), 
to maintain the 15 mrem/yr dose for a normal human thyroid was calculated to be 
about 2.5 x 10W4, or 0.025 percent 12'1 of the total iodine. 

Magno et al reported observing an average Rt of 6 x 10m4 in the environment -- 
near the perimeter of a commercial nuclear fuel reprocessing plant. (4) Brauer 
et al measured Rt quantities as hi h as 9.3 x 10D4 -- 
a nuclear fuel reprocessing plant. 9 5, 

in grass samples collected near 

showed R, values of about 5 x low5 
Airborne gaseous and particulate materials 

in the environment in the vicinity of the re- 
processing facility. Fortunately, these values do not represent those in the thy- 
roids of individuals working at or near these facilities. Brauer et al have cal- -- 
culated the maximum thyroid radiation doses received by residents near the pro- 
cessing facility to be about 0.4 mrem/yr and about 0.2 mrem/yr to the average 
adult. 

* Work performed under USAEC Contract AT(lO-l)-1375 S-72-l 
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The average 12gI unabated output of a single 5-tonne/d nuclear fuel repro- 
cessing plant is estimated to be about 3.8 x lo5 g/yr, more than the estimated 
pre-1940 global inventory of this isotope. Estimated requirements for the number 
of 5-tonne/d reprocessing plants in the United States are 4 in 1985, 7 by 1990, 
18 by 2000, and 53 by 2020.(6) Considering these projections, the observed build- 
up of 12gI near nuclear fuel reprocessing plants, and the extreme1 
of 12'1, it is clear why the collection and long-term storage of ' T 

long half-life 
gI is a major 

concern of the Atomic Energy Commission. 

The purpose of this 
tion and containment of 1 3 

aper is to briefly compare proposed methods for collec- 
'1 and to describe a recently funded program by the 

Atomic Energy Commission for Allied Chemical Corporation to evaluate solid adsor- 
bents for the collection and long-term storage of 12gI. 

II. Requirements 

The.overall iodine removal requirements for a nuclear fuel reprocessing plant 
depend to a large extent on the length of time between the discharge of the spent 
fuel from the reactor to reprocessing. Decontamination factors (DFs) of 10s to 
lOlo will probably be required for anticipated processing of 30-d cooled LMFBR 
fuel. For contemporary fuels, DFs of about lo3 to lo4 will probably be sufficient 
to reduce airborne levels low enough to attain the design objectives for 1311 
exposure for 150-day and longer cooled fuels. 

The long half-life of 12gI puts special requirements on the collection and 
long-term storage of this isotope. An acceptable DF for 12gI at a particular re- 
processing plant is very difficult to establish because there are so many variables 
involved. In order to establish a practical target value until the problem is 
better understood, the following simplistic approach has been taken. Based on an 
average airborne gaseous concentration of total iodine measured by Brauer et al (5) 

of about 1 x lo-* g/m3 (co 
-- 

rrected for the estimated 50 percent collection effi- 
ciency) and the calculated Rt value of 2.5 x 10e4 the maximum allowable airborne 
concentration of 12gI should not exceed 2.5 x 10' i2 g/m3 (for th e general popula- 
tion) to attain the design objectives suggested for radioiodine from power reactors. 
Assuming all of the fission product 12gI processed in a h othetical 5-tonne/d 
reprocessing plant is released as gaseous iodine (250 g 1% I/tonne) and a 3000 
m3/min (106,000 ft3/min) stack flow, the airborne concentration of "'1 at stack 
discharge would be about 3 x 10e4 g/m3. Allowing a conservative diffusion factor 
of lo5 to a point at the site boundary along the direction of the prevailing winds, 
the airborne concentration of 12'1 would be 3 x 10Bg g/m3. Therefore, a DF on the 
order of lo3 would be required to meet the design objectives for the instantaneous 
concentration of 12gI. 

Because this hypothetical plant discharges 4 x lo6 m3/d (1.4 x lo* ft3/d) and 
will probably do so for approximately 40 years, considerable buildup of 12gI will 
occur; therefore, a plant DF much greater than lo3 is required. On the other hand, 
there is a very large reservoir of stable iodine in the biosphere that will dilute 
the discharged 12g I, reducing its potential radiological effects on the human thy- 
roid. Nevertheless, because of the irreversibilit 
objective of a DF in the range of lo6 to lo7 for 1 s 

of the situation, a design 
gI discharged from a typical 

5 tonne/d nuclear fuel reprocessing plant would seem prudent, at least until the 
problem can be better defined. 
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III, Wet Scrubbing Methods 

Recently, there have been a number of reviews on the treatment of reprocessing 
plant effluents which included discussions on iodine removal systems.(6p7,8,g,10) 
Iodine removal requirements have, generally, been classified into primary, secon- 
dary , and final cleanup systems. The primary iodine removal systems are designed 
to remove the iodine from the dissolver off-gases. The secondary systems are 
generally designed to provide additional iodine removal from the dissolver off-gas 
and iodine removal from the vessel off-gas and other equipment vents. The final 
cleanup system provides additional removal after the primary and secondary systems. 

Several wet scrubbing processes have been proposed for the primary removal 
system in which the major portion of the 300 g/tonne of spent fuel, about 20 per- 
cent of which is stable iodine, will be removed.(ll) These processes employ either 
a mercuric nitrate-nitric acid or a highly concentrated nitric acid, ~20 M, scrub- 
bing solution, The mercuric nitrate-nitric acid method is the most attractive at 
the present because its development is further along. Elemental and alkyl iodides 
are readily complexed by the mercury, but the aromatic iodides are more elusive. (10) 
The scrubbing solution is periodically taken to a concentrator-evaporator where 
the iodine is precipitated as Hg(I03)z. The supernatant liquid is removed prior 
to permanent storage of the Hg(I03)2. 

The highly concentrated nitric acid wet scrubbing technique, known as the 
Iodox process(12), is receiving considerable development effort at ORNL in con- 
nection with the LMFBR fuels reprocessing development program. The process uses 
packed and/or bubble-cap columns with a counter-current flow of 18 to 20 M nitric 
acid. The process appears to be satisfactory for the removal of all orgazic 
iodides, as well as elemental iodine. The present design( 12) calls for the re- 
moval of iodine from the scrub solution in an evaporator where the iodine preci- 
pitates from the nitric acid as HIO3, which can be converted further to a more 
anhydrous form for long-term storage. 

As was noted by Yarbro et al --' there is little incentive for designing primary 
iodine removal system with DFs greater than about lo3 for "closed-cycle" processing 
plants designed for processing short-cooled fuels because of the high by-pass rates 
of 1311. (9) Even for 30-day cooled fuels, the mass of 1311 only represents about 
0.3 percent of the total iodine; therefore, from a waste maf; 

8 
ement point of view, 

a DF greater than lo3 would be desirable to remove as much I as is practicable. 
However, large-scale systems may be impracticable due to increased design complex- 
ities required for the reduced flow rates of wet scrubbing methods that may be 
necessary to attain DFs greater than about 103. Based on laboratory tests, both 
the mercuric nitrate-nitric acid and the Iodox process appear to have the capabil- 
ity of attaining DFs of about 104. 

Both wet scrubbing techniques and solid adsorbents have been proposed for 
secondary iodine removal systems. Alkaline solutions have been shown to contain 
some of the iodine but tend to promote the formation of species of iodine that are 
more difficult to remove. The mercuric nitrate-nitric acid wet scrubbing method 
has also been proposed for secondary iodine removal systems. The airborne con- 
centration of iodine in the dissolver off-gas could be as high as about 50 mg/m3, 
so a primary system DF of lo3 would give a secondary iodine removal system input 
of Q50 ug/m3. DFs of greater than lo3 were shown in an g-stage simulated bubble- 
cap laboratory apparatus using the mercuric nitrate-nitric acid wet 

3wb z:yd and an initial airborne elemental iodine concentration of ~~500 ug/m . 
on alkaline scrubbing methods at low iodine concentrations were not found. 
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Most proposed final cleanup system designs employ solid adsorbents. 

IV. Solid Adsorbents 

A number of inorganic adsorbents have been proposed for use in radioiodine 
removal systems for nuclear fuel reprocessing plants. 
posed include: silver and ot 
nated, amorphous silicic acid ? 

s”q:43;e f;y-;a:;p;~;: er metal-exchanged zeolites 
16,171; an 

alumina, and aluminum and silicon oxides t 5- s'lver and other metal cation impregnated 
l5 . Generally, impregnated carbons are 

not considered for treatment of reprocessing plant effluents because of the possible 
violent reaction of the activated carbon with NO2 present in the off gas. 

Solid, inorganic adsorbents offer several major advantages compared with the 
proposed wet scrubbing methods; solid adsorbents (1) allow a simpler design, (2) are 
comparatively noncorrosive, and (3) are in a form that does not require further 
treatment prior to long-term storage. In addition, the use of solid adsorbents 
allows relatively compact installations that are readily adaptable for remote opera- 
tion. Because there could be few moving parts in the design, long reliable 
maintenance-free operation would be expected. 

For primary removal systems, assuming a 5-tonne/d plant, the estimated charac- 
teristics and costs are shown in Table I. To obtain 15% utilization of the adsor- 
bent, heating of the inlet off-gas stream and a special adsorbent bed design may 
be needed. Such a design would cause the second 5 cm (2 in.) of the adsorbent bed 
to be the first 5 cm (2 in.) of a new bed, when the original first 5 cm (2 in.) of 
the bed become loaded with iodine. This efficient use of the adsorbent material 
would also be desirable with regard to waste management of 12'I. Less than 0.02 m3 
(0.7 ft3) per day of 12gI-containing adsorbent would be accumulated if 15% utili- 
zation of the adsorbent could be obtained. 

Table I Estimated characteristics for solid adsorbent iodine removal systems. 

Primary Secondarya 

Flow Rate - acmm (acfm) 
Surface Area of Bed - m2(ft2) 
Bed Depth - cm(in.) 
DF 
Estimated Lifetime Before 

Changeout (d) 
Estimated Efficiency for 

Adsorbent Utilization Before 
Breakthrough (X) 

Cost per day for Adsorbent ($) 
Annual Adsorbent Cost ($> 

18.4 (650) 142 (5,000) 
1.2 (13) 9.3 (100) 
10 (4) 5 (2) 
103 103 
6.5 300 - 600 

15 

a Costs are based on 300-d changeout. 

300 36 
90,000 10,800 

10 

Also presented in Table I are the characteristics and estimated costs for a 
secondary iodine removal system. The anticipated lifetime of the secondary bed is 
not well defined at this point. Unlike the primary system, the loss of efficiency 
due to poisoning from contaminant gases in the off-gas stream is expected years 
before the bed would become overloaded with iodine. The lifetime of the solid ad- 
sorbents in a secondary system should be at least one to two years before an 
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appreciable loss in efficiency occurs. The design and operation of a final cleanup 
system would be similar to the secondary system except the adsorbent lifetime would 
probably be longer. 

Processing of the iodine-laden adsorbent from the primary system to obtain a 
more concentrated form would not appear to be necessary or desirable. The antici- 
pated annual yearly accumulated adsorbent inventory from the primary system is 
about 5.7 m3 (200 ft3). This value will increase when fuels of greater burnup are 
processed and more fission product iodine is produced. The product should be 
ideally suited for long-term storage, provided excess NO2 and moisture are purged 
from the adsorbent prior to packaging. Because the decay energy of 12'1 is so low, 
a negligible amount of decay heat will be generated. 

Because of the long-term storage requirements and the relatively small quanti- 
ties of 12gI collected by an adsorbent bed before changeout in the secondary removal 
system, processing and reconcentration of the 12'1 would be appropriate. The pro- 
cess will depend on the type of adsorbent and impregnants used. If silver were 
used as the active cation, its high cost would probably dictate recovery for reuse. 
The cost of processing the adsorbent will depend largely on the degree of contamina- 
tion of other fission products that may collect on the adsorbent beds. 

V. Conclusions 

The cost of chemicals to remove iodine in a primary iodine removal system in a 
nuclear fuel reprocessing plant off-gas stream appear to be three to five times 
less for the mercuric nitrate-nitric acid method than for solid adsorbents. No 
information was available to attempt a cost comparison with the Iodox process. When 
the equipment installation, day-to-day operational and maintenance, and storage pre- 
paration costs are included, it is likely that use of solid adsorbents will be less 
than the mercuric nitrate-nitric acid method, because the chemicals will probably 
represent a minor fraction of the overall costs. At this point, however, any 
definite statements claiming large savings possible by the use of one method over 
another is premature. Neither the operational costs nor the absolute removal effi- 
ciencies of a pilot-plant-scale model of any of the methods using simulated repro- 
cessing plant off-gas streams have been accurately determined. 

For a secondary iodine removal system, the increased flow requirements would 
appear to make the use of solid adsorbents more attractive because of the increased 
size and complexity of the wet scrubbing methods. As with the proposed primary 
removal systems, high efficiency, long-term removal of all airborne species from 
anticipated contaminant gases in vessel off-gas streams has not been demonstrated 
with any of the methods. 

Because there is little doubt concerning the need for highly efficient iodine 
removal systems in nuclear fuel reprocessing plants, the most economical and effi- 
cient designs should be identified and operational characteristics determined so 
they can be incorporated in present and future plants. The Atomic Energy Commission 
is supporting several programs to accomplish this. As part of this program, the 
work at the Idaho Chemical Processing Plant will be to develop iodine solid adsor- 
bents, to evaluate others that are available, and to demonstrate the applicability 
of the most promising materials in the reprocessing facility. 

. “ -  . - - - . - .  

. I . “ . , . _  , . _ .  ^ . .  
-_--_- -  - . . - _ -  -  
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DfiMPSEY: _--.-.-- Just a comment; I infer from what you said that, 
from a waste management point of view it seems like these liquid 
scrubbing techniques just defer the problem because the material 
is releasable again in other steps in the reprocessing plant. 

PLJCZ: There is an additional statistic I could 
Tric~dc : 
ciency is 

for a 5 ton/d reprocessinp plant in which 15 percent effi- 
obtained for the adsorbent, the waste storage requirements 

would be about 0.7 cubic feet a day for the nrimar,v iodine removal 
system. Tnat's not very much. It's in a fairly concentrated form 
that is ready for long-term storage. 

0XITZ: ;I-- If 131-iodine emission Preatly exceeds 129- 
lodine, is it possible that there is an isotonic exchanye on the 
adsorber, and one does not realize the 129 iodine removal that is 
hoped for? 

PENCE: .-- For short-cooled fuels, the I-131 will oresent 
a removal problem because of the large number of curies involved. 
Par 30-day cooled fuels, the quantity of iodine 131 is q.uite small, 
on the order of less than 3 hundredths %, I believe. 
ciean-up systems 

The primary 
should provide large enough DF's for the' I-131 

from the longer cooled fuels. But, as Yarbro pointed out, the prim- 
ary system will not be as effective for iodine 131 from shorter 
cooled fuels. There is enough bypass around the primary system that 
the secondary and final clean-up systems are needed to clean up 
iodine 131. Therefore, the small quantities of iodine remaining 
should not present any problems in the secondary or final cleanup 
systems with regard to isotope exchange. 
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TESTING AND EVALUATION OF AHSORHERS 
FoRGASMKJSPENE;TRAT IVIZ FORMS OF RADIOIODINE 

M.J. Kabat 
Ontario Hydro 

Central Health Physics Services 
Pickering Generating Station 

Box 175 
Pickering, Ontario, Canada 

Abstract 

A significant fraction of airborne radioiodine, encounteredattines inopera- 
tional areas of mtario Hydro nuclear power generating stations, was found to be 
penetrative inorganic and organic species. 

Theoretical evaluation of iodine chemistry is presented in this paper based on 
analysis of operational iodine concentrations in station systems, areas and 
effluents under actual operating conditions. The theoretical evaluation and the 
operational experin-ents show that hypoiodous acid and organic iodides are the basic 
forms of airborne iodine which occur in the field and in station effluents. 

A m&hod was developed for laboratory generation of HOI and its identity con- 
finned by use of specific absorbers. 

Sixofthe ccxrwrcially available (and recently developed) absorbers were 
tested for HOI r emoval efficiency in the laboratory under conditions similar to 
those found in the field. E%perimantaleguipxnent,methods used for theabsorber 
testing and experimental conditions are described. It is evident frcm results of 
these rru3asuremants that charcoals have generally better initial absorption 
efficiency for hypoiodous acid than silver impregnatea inorganic absorbers. 

E3oth technical and econcxnical aspects of the operational use of the tested 
absorbers arediscussed in this paper. 

1.0 Introduction 

"On-power refuelling", which is performed on a routine basis, is one of the 
characteristic features of the CANDU system. Fuel performance is generally 
excellent but occasional fuel failures occur and volatile fission products are 
released frcmn the fuel. Thesemayescape frcanthe heattransportor spent fuel 
handling system and migrate through ventilated areas into station gaseous 
effluents. 

Investigations have been carried out in Ontario Hydro to improve control of 
airborne radioiodines under such circumstances. Theoretical analysis and experi- 
ments were made to evaluate operational concentrations and chemical forms of 
iodine in the station systems, areas and effluents. As a result of these investi- 
gations it was determined that iodine is present in ventilated areas in very lcw 
concentrations (<<lug/m3 of air) as HOI and organic iodides. 

Wo methods are employed to reduce the airborne iodine concentrations: 

1. Control of iodine volatility and 
2. Airborne iodine remcrval frcm the station gaseous effluents. 
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The main concern of #is work was to evaluate the remval efficiency of ex- 
isting absorbers for airborne radioiodine under real operating conditions. 

Many reports are available quoting absorption efficiencies based on testing 
with CH31 within a wide range of experimental conditions but no conclusive tests 
on HOI absorption were published. 

Cur theoretical and expertital investigation on iodine chemistry and testing 
of absorbers for HOI absorption efficiency are described. The results in this 
paper are related to the practical use of the absorbers. 

2.0 Operational Concentrations of Fission Product Iodine 

The origin of the various radioiodines and their subsequent migration frm 
fuel -t heat transport system + spent fuel transfer system -t spent fuel 
storage -+ gaseous effluents was described in reference [ll. 

A brief review is presented in the next sections and the latest information 
included. 

2.1 Iodine Isotopes in CANDU Reactor Fuel 

Seveniodineisotopes (T1 2 
only th4 

> 1 min.) are generated in the fuel, mostly as 
products of Tedecay. ee of them (isotopes 131, 133 and 135) are radio- 
biologically significant and another two (127 and 129) are accumulated in higher 
concentrations than 1311 in fuel which has been at peer for several mnths. 

For the purposes of the follming calculations, it is assumed that: 

Iodine isotopes are considered as direct products of 235U fission. 
12gI is considered as a stable isotope. 
No further neutron activation of the iodine isotopes takes place in the 
reactor. 
No release of iodines fran the fuel occurs during its irradiation. 
The fuelbundleislocated in them neutron flux zone throughout 
all of its irradiation period. 

The iodine generation rate - R(g x hr-l x kg-l uo2) is calculated fran: 
R=CxYxPxMx3600 

Av x 100 0%. 1) 

G, the equilibrium amunt of iodine isotope in g x kg'1u02, is derived frcm: 

G=; (Es. 2) 

Where: C = 3.1 x lOlo (fissions x set-l x Watt-l) 
Y= fission yield of iodine isotope (%) 
M= mass nmberof iodine isotope 
A = decay constant (hr-I) 
P = specific power (= 30 kW/kg ~02) 

Av = Avogadro's number 

The amount of the various iodines generated in Pickering G.S. fuel is shown 
in Table 1. 
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TABLE1 
mmntsof Iodine Isotopes inCanduFue1 

IsOtope 

Generation Rate 

1271 1291 1311 1331 

R (g x hr-l x kg-' 9.7 x 10-T 7.2 x lo+ 2.1 x 10-5 4.9 x 10-S 
uo2 

Amountof I 
accmnulated in the 
fuel after: 

lweek 1.6 x 1O-4 1.2 x 10-s 
x 1O-3 

2.6 x 1O-3 1.5 x 10-3 
lmnth 6.4 x 1O-4 

x 1o-3 
4.8 5.8 x 1O-3 1.5 x 1o-3 

6rmnth.5 3.9 2.9 x 1o-2 5.9 x 1o-3 1.5 x 1o-3 
12mnths 7.8 x 1O-3 5.8 x 1O-2 5.9 x 10-3 1.5 x 10-S 

(g x k+,2) 

2.2 Escape of Iodines frcan the E'uel into the 
Primary Heat Transport System 

To determine the equilibrium mncentrations of radioiodines in the heat trans- 
port system, it is assumed pessimistically that there are 100 fuel bundles present 
in the core, each of which contains 2 seriously defected elements continuously re- 
leasing 10% of their generated iodines. 

The total weight of U02 in 200 elements = 169.2 kg. If we assume that the 
decay half-life of 1311 is longer than its diffusion time through the elemnt then 
the release rates of iodines are proportional to thzir generation rates given in 
Table 1 under continuous release conditions. Their equilibrium concentrations in 
the heat transport D20 are as given in Table 2. 

Table 2 also shms that in the case of continuous iodine release frm defect- 
ive fuel elements the equilibrium concentration of 1271 + 12gI in the HT-D20 is 
lowar than the 1311 concentration. However if the fuel defect occurs after 12 
months of full peer operation, the initial ratio (1271 +12qI)/1311 can be 
derived frcm Table 1 to be as high as 10. 

TABLE2 
Amountsof Iodine Isotopes in theHeat Transport D?O 

IsOtope 1311 1291 1271 

Escape Rate 
(g x lx-9 

Equilibrium Mass (+I 
3.6 x 1O-4 1.2 x 10-Q 1.6 x 1O-5 
1.3 x 1o-3 4.4 x 10-h 5.9 x 10-s 

(4) 
Concentration in D20 (+) 7.4 x 10-q 2.5 x 1O-g 3.4 x 10-10 
(g x a-9 
Concentration in D20 (+I 6 x 10-11 2 x 10-11 3 x 10-12 
(ml=) 

(+) Heat transport purification half-life = 2.5 hours, 
total amount of D20 in the RT system = 175 MJ. 
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2.3 Release of Iodines into the Spent Fuel Transfer System 

Fire1 blndles discharged from the reactor pass through fuelling machines into 
spent fuel magazines and from these into an elevator mxhanism in the spent fuel 
transfer room. They are exposed to an air atmosphere at this stage but pass 
guickly into water and are transferred by a shuttle mechanism into the spent fuel 
&Y. Defective fuel elements may release a significant amount of volatile fission 
products when exposed to air in the elevator mxhanism. 

Iodine concentrations in the spent fuel transfer room were calculated using 
the following conservative assumptions: 

8 seriously defected elements are discharged in 1 day 
2% of the total iodine inventory is released frcxn the 
element during this period 
The fuel transfer elevator chamber releases its inventory 
of iodines into the fuel transfer room, which is partially 
ventilated. 

under these conditions a total of 100 Ci of 1311 released in the spent 
fuel transfer rocm (= 30 mCi/m 3 = 3 x lo6 MPCa) represents 3 ug of iodines/m3 
of air. 

2.4 Iodine Concentration in Spent Fuel Bay Water 

One hLzndred (100) $i/a was the highest ever identified concentration of 
1311 in the spent fuel bay water. If the concentration of stable iodines was 10 
times the 1311 concentration, the total iodine concentration in the bay water was 
= 8 x 1O-g g/!L = 3 x lo--l1 M. About100 times lower iodine concentrations are 
present in the bay water after discharging of a single defective fuel element. 

2.5 Iodine Concentration in Stack Effluent 

Iodine concentrations in the stack effluent were calculated frcxn the gaseous 
release restrictions for Pickering G.S. under the following conditions: 

Station maximum permissible release limit for 1311 
= 400 mCi/week/5 vent. units. 

The lclwest ventilation flow rate = 185 m3/min/unit. 

Iodine r-al efficiency in the ventilation filters = 99% 

Concentration of (1271 + 12qI): 1311 = 1O:l. 

Theresultingairbomeiodine ~ncentrations: 

in the stack effluent ~4 x lo-l2 g/m3 

at the ventilation filters inlet <4 x lo-lo g/m3. 
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3.0 Chemistry of Iodine in Operational Systems 

The chemistry of very low iodine concentrations, occurring in the systepns 
under high temperature and/or high radiation conditions, is not a problem which 
can be solved entirely by way of operational research in the field. Nevertheless, 
scme funmtal investigations ware made by the Health Physics Department of 
Ontario Hydra in order to assure satisfactory control of airborne radioicdines in 
station areas and in gaseous effluents. 

A discussion of results of the theoretical considerations and experin-ental 
studies follows. 

3.1 Iodines in the Primary Heat Transport System 

It is possible that small arrounts of an organic binder are left in the Uo, 
from the fuel manufacturing process. However there is little probability of 
organic iodines being present in the fuel during irradiation considering that 
operating temperature in the fuel elements reaches 2000°C. Therefore we would 
expect that the major portion of iodines released frcHn the defective fuel into 
heat transport D20 is in the gaseous, elmtal form. 

The operational parameters of the heat transport D20 are as follm: 

tennperature - 250-295°C 
pressure - 8.8 x lo3 kPa 
PH - 10.3 (LiOH) 
D2 concentration - 15 ml/kg D20 (average) 

The reaction of gaseous iodine with D2 is just exothermic [21 but its 
equilibrium is affected by the alkaline conditions. This reaction can be still 
mre ccqlicated by radiolytic products in the heat transport D20. Inthefinal 
stage a major portion of dissolved iodine will be present as LiI. Resides a sig- 
nificant retention of iodine on internal surfaces and corrosion products is 
assuned in the primaryheattransport system. If there is organic iodine re- 
leased frcan defective fuel into the m-D20 it reacts with hydroxide ions by a 
nucleophilic displacmt mxhanism. 

R.1 + LiOH + R.OH + LiI 

The rate constants for this reaction are [31 . 

6.4 x 10B5 (a x arol-1 x sec'l) at 25"C, or 
0.55 (a. x mol'l x sac-l) at 120°C 

which show this reaction is very fast under heat transport operational conditions. 

Escape of D20 in liquid form fram the heat transport system does not cause a 
significant airborne hazard because there is a minti transfer of iodine fran 
alkaline solutions of iodide into gaseous forms. ThiswasprovenexperiII%entally 
when significant amounts of noble gas isotopes were escaping into the reactor 
building atmosphere fr<Hn the pr&ary heat transport system through a defective 
gasket in the bleed condenser. A negligible amount of radioiodine was detected in 
air samples, taken at this time in the reactor building. 

IfD20isleaking as steam,LiI appears intheairbomeparticulate form, 
which presents the same hazard as elemental radioiodine when inhaled. 



13th AEC AIR CLEANING CONFERENCE 

3.2 Iodines in the Fuel Transfer System 

High levels of radioiodines have been experienced in the spent fuel transfer 
elevator chamber, as calculated in part 2.3 of this paper. The airborne iodine 
migrates frcxn the elevator chamber into the transfer room where it changes almost 
ccmpletely to organic iodides within a few days. There aretwomachanisms 
involved in this reaction: 

1. Reaction of I2 with AirborneMethane 

Several authors have studied the reaction of I2 with methane. A 
reaction with velocity constant of the order of 10-l sac-l at normal 
temperature has been reported [41. According to scme of the reports, 
the yield of CH31 depends on the CH 4:12 ratio and radiation intensity. 
Up to 50% conversion was attained in a high radiation field with a 
CHt+:Iz ratio of 500 [51. 

Under the asstrmptions that 1 PPM of CH4 and 3 vg 12/m3 are present in 
the transfer rocm air (see 2.3), the volumetric ratio of CHL,:I~ is 
2000. The gamna radiation field in the transfer rcom is in the order 
of 104- lo5 R/hr during a refuelling process. It is likely,therefore, 
that significant amounts of CH,I is formed by the reaction of iodine 
withCH4 in the spentfueltransfer rocnnair. 

2. Reaction of IT with Orcanic Paints 

Eennet et.al. [6] concluded that methyl iodide and other organic species 
of iodine are formedwhenelesxantalicdineis exposedtopaints and 
other organic films on vessel surfaces. Most surfaces in the transfer 
roans are protected by organic paints and high sorption of radioiodine 
at the surfaces has been identified on several occasions. With the cata- 
lytic effect of the high radiation field an efficient transfer of the 
sorbed iodine into volatile organic species can be expected in this area. 

Hypoiodous acid (HOI) is another chemical form of radioiodine which can be 
released fran H20 at the bottcan of the elevator chamber during the process of de- 
fective fuel discharging. The mechanism of HOI generation and its properties will 
be discussed in Section 4. 

On several occasions n-ore than 90% of the airborne iodine was identified in 
its non-elemental form within 3-5 days after refuelling of defective fuel bundles 
in the fuel transfer rocpn at the Douglas Point and Pickering nuclear power 
stations. 

3.3 Iodines in the Spent Fuel Bay Water 

Whendefective fuel is being discharged frcmthe reactor into the receiving 
bay, the iodine leak rate is still high and relative humidity can approach the 
saturation point in the spent fuelbayrocxn. Up to 500 Ci of Y311 was released 
into the spent fuel bay water within a few hours after discharging several defect- 
ive fuel bundles (see 2.4). 

It was mentioned in 3.1 that small quantities of organic icdides could be 
generated in the fuel elements. Organic iodides can also be formed by the 
reaction of I2 released from the defective fuel with traces of organic aompound 
extract& frcxnthe epoxyliningof the spentfuelbay, possibly framIXresin in 
thebaypurification systemandgrease released frcxntools andmechanical eguipzrent 
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in the bay. The presence of small accounts of organic iodides in the bay water 
was confirmed experimentally. The major portion of airborne radioicdine is re- 
leased fran the bay water as hypoiodous acid within a few hours after discharge of 
defective fuel elements. 

The above conditions initially presented scme difficulties with r-vial of 
airborne radioiodines fran the bay rocm atmosphere and reduction of iodine re- 
leases in gaseous effluents. 

The "HOI problem" is discussed in mre detail in Section 5. 

3.4 sumoary 

1. The calculated iodine concentrationandthe chemicalfor~~ inwhich it is 
occurrinq in Pickerinq systems and gaseous effluents are sumnar ized in 
the following table: - - 

TABLJ?, 3 

system 
Concentration them. 

1311 1271 + 1291 Forms 

Fuel elements after 
12lronths of full 5.9 x 10-3 6.6 x 10-z I2 
Fr operation; 
(4 x kg;k2) 

(org. iodides 

Heat transport D,O 7.4 x 10-g 
-<s_X~i-of4~~----_,_-----_---__________118_"1oI9_____ I- 
D20 (Ml 6 x 10-11 2.3 x lo-l1 

Spent fuel bay water 
(CJ x !L-l of HLO) 

8 x 10-10 8 x 10-g HOI 
- --------- ------_---------------------------------- 

Bay water (M) 3 x 10-12 3 x lo-l1 (I 2; org. 
i&ides) 

Spent fuel transfer HOI 
3 x 10-7 3 x 10-6 

(g x ms3 of air) (12; org. 
iodides) 

Ventilation filters HOI, org. 
inlet 4 x 10-11 4 x 10-10 
(g x mB30f air) 

icdides, 
(12) 

) -. This shms that the operational iodine concentrations in all systems 
are extremely low even when the radioiodine activity is close to the 
maximum permissible operational limits. 

3. Liquid D20 leaking fran the heat transport system is not a major 
source of gaseous iodine. Particulate LiI is theforrnofiodinewhich 
can be released framthe heat transport systemwithD20 steam. 
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4. The ratio of iodine species inthe spentfueltransfer roamvaries 
with time. I2 and HOI are the forms released into the roan atrrosphere. 
Organic iodides are fora-ed by reaction of I2 with airborne CHI+ and 
organic materials. They are the prevailing iodine form in the rocBn 
within a few days after refuelling of defective element. 

5. Very small munts of organic iodide are released fran the spent fuel 
bay water. A major fraction of the airborne radioiodines which is 
released frcxn the bay water during the first 24 hours is hypoicdous 
acid. 

4.0 Formation and Control of the Inorganic 
PenetrativeFormof Iodine 

4.1 Published Data on "Penetrative Iodines" 

An exhaustive review of the chemistry and removal of methyl iodine was 
prepared by C.F. Parsly [71. In his sumnary he discusses his doubts about 
quantitative assessrcent of CH3I in samples which ware analyzed by using May Pack 
sampler only. He refers to several experiments in which the methyl iodide 
concentration was REESUTZ~~ both by May Packs and by gas chranatography, and the 
munt of CH3I measured by May Pack was overestimated by factors up to 20 
(average of 6). Other ConclusicDls, made in this review, will be later oznpared 

with results of our investigations. 

Craig [8] and Wilhelm [9] reported a concentration dependence of the 
charcoal absorption efficiency for elemental iodine at lm concentrations 
(<l lJg/m3) - No such effect was observed when CH3I was absorbed at normal 
conditions. 

D. Pence [lo] reported similar concentration dependency of CH3I absorption 
efficiency on charcoals and Ag-X13 at 90°C and 90% FM. 

It follows fran chemical considerations that the more penetrative form of 
airborne iodine, occurring only at lm concentrations, could be similar to the 
airborne iodine which is formed in the spent fuel bay water for a short tirtxa 
period after receiving a fresh defective fuel bundle and which wa preliminarily 
identified as hypoiodous acid 111. 

4.2 Published Data on Chemistry of Hypoiodous Acid 

Hypoiodous acid (HOI) formation and its chemical behaviour has been discussed 
inmanypublicatians. Its existence was proven theoretically but because it can 
exist only in very diluted solutims and its stability is low, no direct 
expertitalevidencehas been suhnitted. 
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The follming reactions are involved in formation of HOI and its dissccia- 
tion in aqueous solutions: 

I, + H20 

I, + H20 

H,OI+ + H,O 

I, + I- 

HOI + I- 

I, + OH- 

IO- + I- + H20 

31, + 3H,O 

212 + 6H+ + IO;+2 H20 

HOI + H20 

HOI + H20 

kl 
2 HOI+H++ I- 

k2 
2 H,OI+ + I- 

k3 
2 HOI + H,O+ 

k5 
2 HOI; 

k6 
2 HOI; 

k7 
2 HOI; + OH- 

k8 
-+ IO, + 51- + 6H+ c 

k9 
$ %$I+ 

ka 
-t IO- + H,O+ f 

kb 
-t H201+ + OH- f 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

03) 

(9) 

(10) 

(11) 

T. Allen and R. Keefer 1111 studied the formation of hypoiodous acid and 
hydrated iodine cation (reactions 1,2) by spectranetric analysis of aqueous 
solutions of iodine. They determin e the following equilibrium constants: 

kl = 5.4 x lo-l3 at 25°C 

= 0.49 x lo-l3 at 1.6"C 

They set an upper limit of k2 to 1 x lo-lo at 25°C and used 1.2 x lo-l1 as 
the most probable value in their calculations. 

25°C. 
The dissociation constant k3 is given by the ratio of kl/k2= 4.5 x 10S2 at 

If no impurities are present in an iodine solution then hydrolysis given by 
reactions (1) and (2) is the only source of iodide ion which can enter further 
into reactions (4), (5) and (7). 

The equilibriumconstantk4 = 768 at 25°C as reported in 1121 . 
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M. Eigen and. K. Krestin [13] proposed a rrechanism for iodine hydrolysis via 
an i$emediate "ternary" ccqound HOI: which fran the reported equilibrium con- 
stants has relatively high stability: 

k5 = 3 x 102 

k6 = 1.5 x 104 

Eggleton 1141 refers to a value of k7 = 0.13 and concludes that HOI; 
exceeds only 20% of other iodine species present at pH > 8 and iodine concentra- 
tions of > 10D3 M. 

The reaction (8) is relatively slow at low pH as reported by Bell and Celler 
[51. It is suggested in publication [17] that its equilibrium constant 
k, = 4 x 1O-48 cannot be used for solutions of iodine at low concentrations and 
pH > 7. 

Allen and Keefer [ll] reported a valye of kg = 6 x 10D8. In geir+experi- 
nents most of the IO; was reduced to H,OI in solutions of I2 + IO3 + H at low 
concentrations. 

The HOI dissociation omstantsarevery small. The most probable values are 
given in publication [21. 

ka = 4.5 x lo-l3 

kb = 3.2 x lo-lo 

The above constants show that HOI has an aqhiprotic character. Its reaction 
depends strongly on PH. 

4.3 Theoretical Considerations 

The relative contribution of the above chemical reactions to HOI formation 
within the range of pH (6-10) and Iodine concentraticms (lOBa - lo-l2 M) were 
theoretically evaluated frm the above chemical equations and their equilibrium 
constants. 

Reaction (1) 

It is obvious fran Graph 1 that a high yield of HOI is obtained frcm 
this reaction within the above limits. 

F&action (2) 

Graph 2 indicates that the hydrolytic yield of H201+ is far below HOI 
yield under the sama conditions. 

Reaction (3) 

It is illustrated in Graphs 3 and 8 that H,OI+ is almst ccmpletely 
hydrolysed to HOI in neutral and alkaline solutions. Therefore, H201+ can 
be considered. only as at%X&nthydrolytic product which is formad in neg- 
ligible armunts under the conditions of pH and I2 concentration met in 
practice. 

Reaction (4) 

It follms frcm Graph 4 that a significant amount of I2 can be absorbed 
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frcmi its solution by I- only if I- exists in relatively high concentrations 
(> lo+ M). 

Reaction (5) 

The intermediate "ternary" product formation in I, solutions is demn- 
&rated on Graph 5. 
tion. 

The [HOIl/[HOI';l ratio depends on pH and I2 concentra- 
This graph shms that a negligible amount of HOI: is present in I, 

solutions under the considered conditions. 

Reaction (6) 

AcoordingtoGraph 6 significantamuntsofHO1~ canbegenerated in 
alkaline solutions by hydrolysis of iodine. This intemediate product dis- 
integrates to HOI + I- (see Graph 5) so that the final [HOIl/[HOI~] ratio is 
controlled by reaction (5). 

Reaction (7) 

Beside the disintegration of HOI; through reaction (5) it has a high 
tendency to hydrolyse in alkali .e solutions to IO- + I- (see Graph 7). 

Reactions (8) and (9) 

Reaction (8) is slm [51. 
on H201+ yield frcan reaction (9 

Therefore, the effect of IO, concentration 
was calculated and related to reaction (8). 

Under the assmption that reaction (9) is faster than reaction (8) 
Graph 8 indicates a high transfer rate of IO, to H201+ in neutral and 
slightly alkaline solutions of I,. 

P&St of H201+ is inmediately transferred to HOI according to the 
reaction (11). 

The above considerations indicate that insignificant armunts of IO, are 
formed in iodine-in-water solutions under the specified conditions of pH and 
Iodine concentration. 

Reactions (10) and (11) 

Dissociation of HOI to its anion and cation depends strongly on the pH 
of the solution. Graph 9 shows that less than 10% of the HOI is dissociated 
to H201+ atpH > 5.5 and a lX4 
anion 01'. 

> 11.3 is necessary to obtain > 10% of its 

It follows fran this graph that hypoiodous acid has an alkaline rather 
than acidic character and that more than 90% of the HOI is present in 
solution in its non-dissociated form within the pH range of 5.5 - 11.3. 

4.4 Volatility of Inorganic Iodine Species 

Most of the iodine species considered above have a high partition coefficient. 
Eggleton [141 obtained partition coefficient value of: 

1.4 x 1O33 for I-, and 

3 x 1071 for HzOI+ 
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and estimated. that the partition coefficient of OI- will lie between that of I- 
and H201+. The partition coefficient of elemental iodine is in the region of 
lo4 - lo5 and for HOI was calculated frcxn approximate themynamic data to be in 
the range of 77 - 4300. 

Keller et al [16] obtained a partition coefficient of about 300 for HOI frcxn 
results of their experirrents. 

4.5 SunTnary 

The above theoretical evaluation can be suITpnar ized as follows: 

(1) Tl-15 concentration of transient products such as H,OI+, I-D12-, 103-,IO-and 
I3 is lox in iodine solutions under the considered conditions. 

(2) Practically all I2 is hydrolysed to HOI and I- in this situation. 

(3) The volatility of H,OI+, 103-, IO- and I- fram theiragumussolutions 
is very low. 

(4) Besides elmtal iodine, which is slightly volatile, HOI is the only 
inorganic iodine ccpnpound, formed in water solutions under the 
specified conditions, which is considered to be highly volatile. 

5.0 Experimental Studies on HOI Formation 

5.1 Identification of HOI in the Spent Fuel Bay Water at 
Pickering G.S. 

As it was explained in part 2.4 of this report, the highest ever measured 
1311 activity in the Pickering G.S. spent fuel bay water corresponds to total 
Iodine concentration of ~3 x lo-l1 M. It was derived theoretically that practi- 
cally all the iodine can be hydrolysed in water at this concentration. 

Measuresnents taken in the Pickering G.S. spent fuel bay in 1971-1972 were 
described in publication [ll. Ion exchangerswereused tomeasure the concen- 
tration of both 1311 and 1331 in the bay water and also the ratio in which they 
were absorbed in cationic and anionic resins. It can be seen frcxn Graph 10 that 
the ratio of 1311 absorbed on cationic to that on anionic resins increased rapidly 
during the first hour after discharging a defective bundle but then the relative 
munt of the "cationic iodine" decreased as the iodine concentration in bay water 
increases. This can be explained by the increased I- and H+ concentration in the 
bay water due to reaction (1). 

Airborne concentration of the penetrative form of iodine in the bay rocnn 
followad a similar pattern as the "cationic to anionic iodine" ratio in the bay 
water with the exception of slower decrease (see Graph 10). 

This behaviour of the penetrative form of iodine gave good reason to believe 
that it was identical to the iodine form which dissociates in water to the cation. 
Hypoiodous acid is the only presently known form behaving this way in water 
solution,therefore it is the likely form present in bay water under such con- 
ditions. 

There is a similarity between our observations and the cases reviewed in 
Parsly's annotation[7], as follows fran his Surrrnaq: "In well over half the 
experiments inwhichthe amount of charcoalseekingiodinewas reported as a 
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function of time, the amDunt was highest irsnediately after iodine release and de 
creasedwithtti. We cannot state with certainty that this was or was not 
rt-ethyliodide." It is also concluded in the Sm that: "It does seem fairly 
clear that when the release occurs into water less than 0.1% of the iodine will be 
converted to organic form." 

5.2 Operational Control of Iodine Volatility 

A method for iodine volatility control fram the bay water was developed in 
Ontario Hydro. This employs hydrazine in about 50 PPM concentration in the bay 
water. Iodine is reduced to hydroiodic acid: 212 + N2 H4 = 4 HI + N2. (12) 

Kolthoff El71 studied the effect of pH on the iodine-hydrazine 
reaction. He concludes that the optimum conditions for quantitative reduction of 
12 to HI are at pH 7-7.5. This is the pH rangenormallymaintained in the bay 
water. 

K.K. SenGupta and K.S. SenGupta 1181 studied the kinetics of this reaction 
and found that increasing concentrations of H+ and I; leads to an overall decrease 
in the reaction rate. They suggest that HOI or H201 is the reacting coqonent. 

Hydroiodic acid resulting fran this reaction is not very volatile. It is con- 
tinuously rerroved frcan the bay water by the bay purification systan. On several 
occasions the airborne 1311 concentration in the bay room was reduced by a factor 
> 10 in a short period of time by adding hydrazine to the bay water after dis- 
charging defective fuel into the spent fuel bay at Pickering G.S. 

5.3 Generation of the Non-elmtal Iodine Species in the Laboratory 

To provide for mre accurate experimental investigations of HOI properties, 
a laboratory method was develo@ for the generation of HOI containing a minimurn 
arount of both organic iodides and elemental iodine. 

A solution of "carrier-free" iodide (as Na 1311) was used for the above prep 
arations. It was specified by the supplier that this solution contains a 
maximum of 4 x higher ccncentratian of stable iodine than concentration of 1311 
at the tti of its delivery. This solution was used for a maxinrm of 2 ~eks so 
thattheiodine concentration fromwhichHO1 was generated in thelaboratorywas 
similar to its concentration under field conditions as analyzed in part 2 of 
this report. 

5.3.1 Generation of HOI and CH3I 

1. A method which was used in the previous HOI investigaticns 1161 and 
[211: 

Elementaliodinewas generated 
? 

the oxidation (using H202, K2Cr2 07 
or KI03) of "carrier-free" Na l3 I in acidic solutions using reaction 
(8). I2 was stripped from this solution with a high purity Helium 
(lapn) into a weak alkaline solution (pH = 10-11) where it was 
hydrolysed to HOI. 

2. Amethoddeveloped inour laboratoryisbasedon the following chemical 
reactions: 
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2 NaI + Br2 2 2 NaBr + I2 (13) 
I2 + NaOH = NaI + HOI (14) 

Elemantal brcmine is added to Na 1311 alkaline solution in slightly 
higher concentration than iodine. The above reactions are occurring 
in parallel with hydrolysis which eliminates the brcxnine excess frcxn 
the solution, transferring it to a non-volatile bromide and hypo- 
brcanide: 

Br, + NaOH 2 NaBr + NaBrO + H,O (15) 

Fifty (50) ml of "carrier-free" 1311 (5 VZi/ml) in 5 x 10B2N NaOH 
was used in the "Iodine Generator" which corresponds to - 3 x loo9 M 
iodide if the ratio of stable I/131~is10 in this solution. 

1 ug of Br2 which was added to this solution (giving concentration of 
10-T M Br2) generated > 0.1 PCi of gaseous HOI. 

3. In order to canpare HOI and CH3I properties, gaseous CH31 was generated 
by purging He through a solution of a carrier-free 1311 + (m3)2 SO4, 
as described in publication [191. 

5.3.2 Description of Apparatus 

The apparatus, which is illustrated on Figure 1 was used for all of the 
methods described above. 

The gaseous species of iodine were stripped frcxn an alkaline solution AS and 
carried with He stream through a glass fibre filter Fl, Cu screens (etched 
with HI) and bubblers Bl-B4, which were filled with distilled water, for removal 
of the remaining 12. The non-elemental iodine species, released from the last 
bubbler, were absorbed in 2 sampling cartridges in series (2 in. dia. x 1 in. 
depth) filled with 5% TEDA impregnated charcoal. The gas reaching the first 
cartridge was maintained at roam temperature and 100% RH (it was saturated with 
H20 in the preceding bubblers). A heater H.was installed after the first cartridge 
to reduce the relative humidity of the gas sample before its entry to the second 
("back-up") cartridge A2. 

Total absorption of iodine in the second cartridge A2 was confirmed experi- 
mtally on several occasions, when another fresh cartridge (filled with impreg- 
nated charcoal or silver zeolite), installed after the cartridge A2,did not 
contain any measurable armuntofiodine. The existence of an iodine species 
which could carpletely penetrate the third absorber under these conditions can be 
excluded fran our considerations. 

5.3.3 Evaluation of Properties of the Non-elemental Iodine Species 

HOI Generation - Method 1 

KI03 gave the best results of the tested oxidizing agents for HOI generation. 

Wre than 70% of the iodine released frcm the generator G was retained in the 
alkaline solution AS. mre than 90% of the gaseous iodine released fran the alka- 
line solution (AS) was present in its non-elemental fem. 

The Partition Coefficient rmxsurmt indicated (see Table 6) that it was 
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difficult to generate HOI with law content of organic iodides when this mthcd 
was applied. 

HOI Generation - Methcd 2 

Themstadvantageous feature of thismethodis thatelemzntaliodine can be 
generated by reaction (13) directly in an alkaline solution where it hydrolyses 
irmediately through reaction (14). The second product of the hydrolysis, NaI, is 
returned to the displacement reaction (13). A high yield of HOI can be obtained 
and much less of organic iodide is formed in parallel with these rapid reactions. 

Results of our masuremmts are in agreement with the above theoretical 
considerations of Section 4.3. 

He streamfrmthe generatorcanbe con- 
Isolution in G as shcmn in Table 4. 

TABLE4 

PH % of 12 % of HOI 

2 75 25 

12 cl0 >90 

2. The rate of hydrolysis was significantly reduced after the I- concen- 
tration was increased. After adding HI to the basic solution in G the 
ratio of I,,&01 increased as indicated in Table 5. 

I- Concentration 
Gaseous IodinePurgedwith 

Helium from the Generator G 
iIlG 

% of 12 % of HOI 

1O-q M <lo >90 

1O-2 M 65 35 

3. From the 1311 ratio in the four distilled water bubblers it was de- 
temined that > 85% of elemental iodine, released frcm the generator 
with HOI, was absorbed in bubbler 1. A fraction of this I2 was 
hydrolysed there, giving a higher yield of HOI fran the system. 

4. Because of the high KX yield fran the generator, the apparatus was 
simplifiedbyremving bubbler AS andthe Cu screens and the final 
arrangement of the apparatus is given on Figure 2. 

31 Generatim 

No difficulties were experienced in the generation of CH3I. Methyl- 
iodide was purged out of solution of Na 1311 + (CH3)2 SOI, with He (1%~). 
The CH31 release rate was steady through the experimental periods and only 
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less than 1% of the 1311 was absorbed as I, on the CIJ screens. 

5.4 Absorption of HOI and CH3I in Liquids 

As explained above, a series of bubblers filled with distilled water (50 ml) 
was used to separate all soluble c nents 
generated frm the solutions of Na % 

fran the gaseous non-elemental iodine, 
I under conditions described in Section 5.3. 

A mximum of 4 bubblers could be installed in series because of their high flow 
resistance. It was found that 3 bubblers were sufficient for Partition Coefficient 
measurmnts because the distribution of dissolved iodine in these bubblers was re 
producible under normal experimental conditions. 

1. Measurement of the Water/Air Partition Coefficients 

The water/gas partition of the investigated iodine fom was calculated from 
the ratio of 1311 measured in the last bubbler to the total 1311 in the 
solid absorbers. 

The partition coefficient (PC) is defined as: 

pc = Volumetric concentration in water 
Volumetric concentration in air 

The typical ranges of PC rteasured at ram temperature (22°C + 1) and at 
atmospheric pressure in the experimental conditions described are surmarized 
in Table 6. 

TABLE6 

Experimental Conditions 

HOI generated by Method 1. 
No He purge before absorption 
Use of demineralized H,O in 
iodide solution and bubblers. 

Chemical Forms 
of IOaine 

Org. iodides 
(HOI) 

MElSUEd 
PC 

5 - 15 

HOI generaLed by Method 1 
after 1311 solution purged 
with He. Use of demineralized 
Hz0 

Org. iodides 
+ HOI 20 - 60 

HOI generated by M&hod 2, 
He - purge I 
demineralized H,O. 

HOI 
(Org. iodides) 70 -120 

HOI generated by Method 2, 
He - purge 
distilled H20 

HOI 140 -200 

CH31 generatedbythemethod 
described in publication :191 

m31 1.5 - 2 

The PC values in Table 6 suggest that: 

(a) HOI generated by the Method 1 contains higher amounts of organic iodides 
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than HOI obtained frcm Method 2 under the same conditions. 

2. Scrubbing of the Non-elesnental Gaseous Forms of Iodine 

(b) There were still soma organic iodides present if HOI was gEerated by 
Method 2wh~demineralizedwaterwas used to prepare the I solution 
in the generator and to fill the bubblers. This was probably due to 
the presence of organic traces eluted from the IX resin. 

(c) Partition Coefficient of HOI generated from solutions of NaI + NaOH in 
distilled water was found to be in the range of 140-200 in ny>re than 
30experims-k~. APC= 180 can be recarmended as the mean value for 
HOI frcm these experiments. 

The scrubbing efficiency of several solutions for CH3I and HOI was measured 
using three bubblers in series. Bubblers 1 and 3 were filled with distilled 
water and bubbler 2 contained 50 ml of the investigated solution. 

Table 7 shms the typical ratio of 1311 absorbed in each bubbler respectively. 

TABILl 7 

Ekperimant Chemical 
Nu&er Form 

1 HOI 

2 HOI 
3 HOI 

4 HOI 

5 HOI 

6 a31 

7 a31 
8 C&I 

9 m3I 
- 

Scrubbing 
I 

Distribution of 1311 Absorbed in 
Solution 3 Bubblers 
in the 

Bubbler 2 B1 B2 B3 

Distilled I 70 I 17 I 13 
water 
5%AgNo3 60 25 15 
2.5% Phenol 35 50 15 
in 0.5 N 
NaOH 
Cation 42 40 18 
exchange 
resin ARC351 
in Hz0 
ARC351 in 35 48 I/ 
0.1 M H+04 
Distilled 38 31 31 
water 
5% AgNo3 3 96.7 0.3 

- 2.5% Phenol 37 27 36 
in 0.5 N 
N&H 
ARC351 in 36 37 27 
0.1 M H2S04 

Results of the experiment 2 indicates a low affinity of HOI to AgNo3 while 
CHjI can be absorbed very efficiently in this solution as indicated by 
e.xperiment7. 

The result of experiment 3 is in agreemen t with data published by V. Cofman 
EOI. He concluded fran his experiments that HOI is solely responsible for 
the iodination of phenols (refer to the following reaction): 

3 WI + 3 c6HsoH = 3 C,$+I.oH + 3&o (16) 
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Dissociation of the generated HOI to the cations H201+ (see reaction 11) 
was confirmed by results of experiments No. 4 and 5. 

Negligible CHQI absorption was measured in the phenol solution and in the 
cation exchange resin under the same conditions. 

5.5 sumoary 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

In the first few hours after a defective spent fuel bundle is received 
in the spent fuel bay a highly volatile iodine species is formed in the 
bay water. Our investigations shm that this is HOI. 

Operational cmtrol of iodine volatility in the spent fuel bay is pro- 
vided by the addition of hydrazine to the bay water in Ontario Hydro 
nuclear power stations. 

A laboratory method has been developed for generation of HOI which 
appears to produce HOI reproducibly and with a minimmn amount of 
organic iodides. 

The experimentally det ermined mean value of the water/air Partition 
Coefficient of the generated HOI is 180 (for CH3I = 1.8). 

The experimentally determin ed pH and I2 concentration effects on the HOI 
yield are in agreeman t with theoretically derived reactions (see 4.3). 

The scrubbing efficiencies of various solutions have been detemined 
for CH3I and HOI. These differ markedly for the two species. 

Reactions of the generated HOI with an alkaline phenol solution and a 
cation exchange resin are considered good proof of its identity. 

The low absorption rate of gaseous HOI in the above solutions indicates 
that it has a 1~ chemical reactivity. 

6.0 Testing of Solid Absorbers 

There is little information available on the ability of scma of the ccmmn 
ccmmercially available solid absorbers to remve HOI frm an air stream. six of 
these were tested for HOI removal capability. The technical specifications of 
these are given in Table 8. In addition two other potentially useful iodine 
absorbers (Nos. 7 and 8) anda sample of Darnabyandcheney 727 charcoalwhich 
had been in use for two years ccmtinuously in the.spent fuel bay at Pickering G.S. 
were tested. Apart frcm this sample (No. 4) all othex samples were fresh, unused, 
and had been carefully stored in sealed glass containers. The three types of 
EQmaby and Cheney charcoal (177, 727 and CU) had all been prepared frcm the same 
batch of charcoal base. 
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TABLE8 

Absorber Manufacturer Absorber Base Impresnant 
NLlmber Designation IQterial Size Material Weight 

1 Barnaby and B & Ch 177 Coconut 8 x 16 0 0 
Qleney Charcoal mesh 

2 Barnabyand B & Ch 727 Coconut 8 x 16 K1 3 5% 
Ql=-w Charcoal mesh 

3 ztz$ and B&ChCU Coconut 8 x 16 TEDA 5% 
Charcoal mesh 

4 -Y- B & Ch 727 Coconut 8 x 16 rn3 5% 
Cheney Charcoal mesh 

5 Davidson Ag-Xl3 IVk&cLl- 10 x 16 ST 60% 
Ch&Cal 1X mesh 

Sieve 
x 13 

6 Nuclear NusoRJ3 Aluminum 4x6 Ag NO3 N.A. 
Consulting 1514782 Silica mesh 
Services 

7 Asample Ag-SA &morph. l-2 As 5JO3 10% 
fromMr. Silicic rfan 
J. Wilhelm Acid 
Karlsruhe 

8 Samplefrm 4-1~ Alumina 30/60 4-iodo- 5% 
Mr. J. It-esh phenol 
Keller 
Idaho Falls 

6.1 Testing System and Procedure 

1. Testing Apparatus 

The apparatus used for absorbertestingis illustrated in Figure 2 and 
Figure 3. HOI was generated by Methcd 2, as described in 5.3. 

He + HOI (at 1Qxn) franbubbler 3wasmixedwith19 Lpmof air and 
passed through a colmmAl filledwith the absorber being tested. A 
glass filter F3 remved particles released fran this absorber and the air 
samplewas thenheated inH1to 50°C inorder toobtaintk totalabso~ 
tion of iodine in the "back-up" absorberA2. 

2. Air Supply 

The laboratory airwas supplied through thevalvevl (V2 closed) when 
the absorbers were tested at roan humidity (5C%). 

Air for the high humidity tests was supplied fran the hmnidifier (with Vl 

783 



13th AEC AIR CLEANING CONFERENCE 

closed) as described below: 

Laboratory air was heated at the evaporator E inlet in order to get 
the required evaporation rate: 

The excess water was condensed in a cascade of condensers Cl - C6 
which were maintained at roam temperature; 

Air, saturated to 100% m frcm C6 outlet, was tied with the 
He +HOI streamandcarriedtothe columnAl. 

3. The Arrangement of the Absorbers in the Testing Column Al 

A column of 9 aluminum rings (Figure 4) with stainless screens at their 
bottom was filled with the tested absorber. Depth of the rings in the 
colurtms, used for our experiments, was as follms: 

3 x 3.3 lTm 
4 x 6.5 m-n 
2 x 12.5 MKI 

Diameter of the rings = 44m-n. 

The flow rate of 20 5qn corresponds to a face velocity of 22 an/set 
through the tested absorber. 

4. The Testing Procedure 

(a) Conditioning of all the absorbers being tested was done for 15 
hours before absorption of HOI, in order to equilibriate the ab- 
sorber rtoisture to the relative humidity at which it was tested. 

(b) Bramine solution was added to the 1311- solution in the generator 
at 10 minute intervals for a total of 1 hour, in order to sTy3oth 
the HOI concentration in the gaseous sample. 

(cl 1311 was measured separately in each ccmponent of the column, the 
filter F3 and tk cartridge A2. 

(d) The above cmnents were assembled again and only air was passed 
through the system. 

(e) The desorption rate of 1311 frcxn the tested absorber was measured 
under the same experimental conditions as the HOI absorption was 
made. 

The following experimental conditions were applied during the absorber 
testing: 

Relative Htidity:- 55% FW + 5% 

- 100% RH, no condensation of H20 in the tested 
absorber 

- >lOO% RH, with an intentional slight oondensa- 
tion of H20 in the tested absorber 

HOI Concentration: 
- 10-l PCi of 1311/m3 of air (+ 30%) with the 

exceptim of a few experimenfs, discussed later. 

--___I_ .-_-__-__~ - . _ ,  
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Time of HOI absorption - 1 hour 

Tint of HOI desorption - 2 - 65 hours 
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6.2 Discussion of F?esults 

The measured absorption efficiency and the approximate desorption rate values 
for three different moisture levels in the absorbers are sumnar ized in Tables 9, 
10, 11 and Graphs 11, 12 and 13. 

1. Efficiency for HOI Absorption 

Graphs 11, 12 and 13 illustrate that all three types of charcoal have a 
superior absorption efficiency for HOI as ccaqxred with the other types 
of absorber under all of the applied htidity conditions. Tko factors 
affect their efficiency: 

(a) Increased hLnnidity, which reduces the HOI removal efficiency; 

(b) Increased airborne HOI -centration significantly improves the 
HOI absorption. This is illustrated by Graph 17 which will be 
discussed in detail. 

TABLE 9 (50% RB) 

Absorber Desorpt. Absorpt. Absorpt. Absorpt. Penetrn. PateofDesorpt. 

(Elii%) 

% in %in %iIl % % 
No- Type O-10 lo-30 30-60 Through Per Hour 

l-ml rm mn 60 mn 

1 B&Ch 0 93.5 4.4 2.0 0.1 0.02 
177 55 93.0 4.5 1.3 1.2 

2 B&cl-l 0 98.8 0.9 0.3 0 0.04 
727 63 92.6 3.4 1.3 2.7 

3 B&Ch 0 98.9 1.1 0 0 0.018 
cu 55 96.0 2.1 0.9 1.0 

5 Ag-Xl3 0 94.1 4.7 0.9 0.3 0.024 
25 94.0 4.4 0.7 0.9 

6 NUSORB 0 57.0 20.5 13.8 8.7 0.004 
25 55.3 22.2 13.7 8.8 

7 Ag-SA 0 75.6 12.5 7.5 4.4 0.04 
25 75.2 12.2 7.2 5.4 

8 4-1~ 0 37.0 27.5 22.8 12.7 

A concentration of 0.1 pCi/m3 of HO 
131 

I was used for all measurements 
sti in Graphs 11 and 12 with the exception of absorber 2 in Graph 12 
and all absorbers in Graph 13 for which 0.5 uCi/m3 was used. This 
results in Graph 12 showing a higher efficiency for absorber 2 than 
absorber 3. Graph 13 also indicated a higher efficiency of the char- 
coals to HOI when they are wetted (with condensed H20), ccqared with 
the efficiency of identical absorbers which were equilibrated to 100% RB 
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but tested with 1-r concentration of HOI. 

Absorber 5 @g-X13) absorbs HOI efficiently at 50% RH but its efficiency 
is drastically reduced under high humidity conditions. 

Absorber 8 (4-Iodophenol) which was tested for purposes of HOI sampling 
will be discussed with reference to Graph 18. 

TABLE 10 (100% RH) 

Absorber Desorpt. Absorpt . Absorpt . Absorpt. Penetrn. Pate of 
No. 

(ElZS) 
% in 8iI-l %Iin % DesOrpt. 
O-10 10-30 30-60 Through % 
mn mn mn 60 mn Per hour 

1 0 83.4 6.3 7.2 3.1 0.06 
60 72.0 13.5 7.9 6.7 

2 0 93.1 5.4 1.0 0.5 0.043 
60 81.5 13.1 2.3 3.1 

3 0 91.2 4.6 3.5 0.6 0.05 
57 81.8 6.7 7.8 3.7 

5 0 51.0 28.5 13.9 6.6 0.04 
15 49.8 29.3 13.7 7.2 

6 0 25.6 16.4 19.0 39.0 0.025 
40 24.6 14.9 20.5 40.0 

7 0 78.7 10.0 6.3 5.0 0.14 
65 51.2 20.4 14.1 14.3 

Absorber Desorpt . 
No. 

(Et&) 

1 0 
17 

2 0 
17 

3 0 
17 
90 

5 0 
17 

6 0 
17 

7 0 
17 

TABLE 11 (Condensation) 

Absorpt. zhsorpt. Absorpt. 
%iIl &ill %in 
O-10 10-30 30-60 
nun mm mm 

96.6 2.2 1.2 
90.0 5.7 2.6 
93.0 5.1 1.6 
91.8 6.0 1.4 
98.0 1.8 0.2 
93.2 6.1 0.4 
82.7 15.5 1.4 
35.1 12.7 9.0 
32.7 13.8 10.1 
39.3 5.2 5.8 
29.5 7.3 6.5 
54.8 10.1 8.0 
52.9 8.9 6.8 

Penetm. 
% 

Through 
60 mm 

0 
1.7 
0.3 
0.8 
0 
0.3 
0.4 

43.2 
43.4 
49.7 
56.7 
27.1 
31.4 

2. HOI LksorptionwithAiratmanmnperature 

Desorption rates of I31 Iweremasured frcxnthe testedabsorbers. The 
same deso tion time could not be applied for all measurements, ,there- 
fore the E1 I which penetrated a 60 rmn depth of absorber was expressed 
in Tables 9, 10 and 11 as "% desorption/hourll. These approximate des- 
orption ratevalues shcwthatdesorptionof iodine francharcoals and 
2+X13 increases slightly with a hmidity of the passing air. Iodine 
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desorption from absorbers 6 and 7, which are impregnated with Ag NO3, is 
significantly increased under high humidity conditions (see Graphs 15 
and 16). It was determin ed frcm rmaasuremmts of the filter F3 that there 
was no significant release of iodine in particulate form frcm the tested 
absorber during the desorption time. 

3. Absorption Efficiency of Used KI3 Charcoal 

Asample of BarnabyandCheneytype 727 charccalwas taken frcmthe 
spent fuel bay ventilation filter for ccqarison of its HOI remval 
efficiency with fresh charcoal of the same type. The used charcoalhad 
been installed in a 2 inchdeepbedwhichoperated continuously for 2 
years under variable rmteqzeratures andhumidity conditions with an 
air face velocity of 45 cm/set. Graph 14 shms that this charcoal is 
much less efficient than the fresh charcoal for HOI removal at 50% RH. 
It is also obvious from this graph that this charcoal is not satis- 
factory under high humidity conditions. 

4. Dependence of Absorption Efficiency on HOI Concentration 

As was discussed above, a distinct change of the absorption efficiency 
with HOI concentratim was observed (see Graphs 12 and 13). Therefore a 
specific test was made with Bamaby and Cheney type CU and 727 charcoals 
at 60% RH. Graph 17 confirms a strong concentration dependence as ex- 
pected. This effect requires more detailed investigation. 

5. Selective Absorption of HOI 

Absorbers 7 and 8 were tested for CH31 and HOI rermval efficiency at 60% 
RH. F+asults of these tests are given in Graph 18 and were as expected: 

(a) Absorber 7 (Ag NO3 impre4natea silicic acid) is a very good 
absorber for CH31 but it has much lmer efficiency for HOI abso~- 
tion. 

(b) The adsorption efficiency of the absorber 8 (4-Iodophenol on 
Aknina) for HOI is relatively 1~ under the applied experimental 
conditions but it does not absorb any CH3I. This experiment denn- 
onstrated the suitability of this absorber for use in selective HOI 
sampling (as reprted in publication [211). This absorber was also 
used to confirm the identity of HOI generated for our experimants. 

6.3 Sum~lry on the Absorption Experiments 

The results of the absorption measuremmts can be surmm ized as follms: 

1. The efficiency of fresh charcoals for HOI absorption is good at 50% KH 
with low desorption rates. 

2. These charcoals have retained an acceptable absorption efficiency for 
HOI at 100% FU-I with slightly increased desorption rates. 

3. Of the tested charcoals the TEDA irqregnated type was the best. Effic- 
iency of the K13 in-pregnated charcoal was slightly lc~&ex under the 
applied experimental conditions. 

4. Absorption efficiency of KI:, impregnated charcoal, rexmved frcfn a filter 
which had been in use for 2 years was found to be at unacceptable level 
under conditions of 100% FM. 
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5. Tha non-charcoal absorbers 5,6 and 7 are not as efficient for HOI 
rmval as charcoals, particularly at high humidity. 

6. 4-Iodophenol was shown to be a good selective absorber for HOI sampling 
at low sampling flow rate. 

7. The experiments shm that the absorption efficiency of the tested char- 
coals depends on the airborne HOI concentration. This is in agreeitent 
with the proposal (discussed in the Introductory part of this paper) 
that iodine concentrations and chemical forms used for filter testing 
should be similar to the concentrations and ch&cal forms occurring at 
filter inlet. 

7.0 Discussion of Mechanism of HOI Absorption 

Three processes are postulated to be involved in HOI absorption: 

1. Physical adsorption 
2. Chemisorption 
3. Decanposition of HOI. 

Physical adsorption is logically the primary processwhich significantly increases 
the effective residential tiroe of HOI in the charcoal and gives a sufficient time 
to HOI to react chemically with an impregnant or to de-se itself. The results 
presented are not conclusive in terms of chemisorption and HOI deccanposition. 
The results suggest that silver iqregnated zeolite is rrore efficient than Ag No3 
impregnated inorganic adsorbers and TEDA is a slightly more efficient iqregnant 
than K13 for HOI cheaksorption. The absorption characteristics of 4-Iodophenol 
indicate a purely chemisorption process by a relatively slow reaction (this is 
similar to the reaction of HOI with an alkaline Phenol solution). 

HOI decanposition in chamoalsisprobablythe basic processwhichis involved 
in its retention in char~als. Decanposition is probably accelerated by: 

1. catalytic effect of the char-1 surface 
2. drying effect of the charcoal 
3. alkaline products incharcoal 

One of the deccqosition products - (I-) can be oxidized by air. This could cause 
achr~WgraphicrroW tofiodine similar to a physical desorption. 

The suggested rru&~~Csm is only one of my other possible processes which 
can be involved in HOI absorption. Only a thorough theoretical and experimental 
study of this probkn can lead to realistic conclusions. 

8.0 Practical Application in Ontario Hydro 

The foregoing sttiies on HOI generation and absorption have resulted in a 
technical evaltitionof canrrarcially available absorbers for airborne HOI. It is 
evident fran the results that silver iqregnated absorbers which have a high 
efficiency for C&I are mc~ch less efficient for HOI rmval. 

It is known that absorption efficiency of impregnated charcoal for CH3I is 
good and we have shown that HOI retention is good at 50% FM for long term use. 

The price of silver impregnated absorbers is such that their use is limited 
to those cases where specific operating conditions demand tk characteristics 
displayed by the silver imprqnated absorbers. The obvious absorber choice for 
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our station use is therefore ah irqxegnated charcoal. 

The results obtained will influence the design of filter systems for CANDU 
power stations. It is recamended that the filter systems contain a facility 
for preheating of the effluent air before it enters the charcoal filters. A 
teqerature rise fm - 20°C to 35°C will ensure that the relative humidity 
will not exceed 50% at the filter inlet. 

The information obtain& on absorbers and the capability of generating HOI 
reproducibly will assist in the establislment of a realistic and rational test 
program for ventilation filters used for iodine remval. 
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G AS 

He - Helium 

Rl-R2 - Flow Rate Meters 

S - Syringe 

G - Iodine Generator 

AS - Alkaline Solution 

Fl-F2 - Glass Fibre Filters 

R2 

FIGURE 1 

CU - 10 x Copper Screen 
(mesh 100) 

Bl-B4 - Bubblers 

Al-A2 - Charcoal Cartridges 

H - Heater 

P - Air Pump 

FIGURE 2 

E - Evaporator 

'1 - '6 - Condensers 

"1 - "2 - Valves 
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Fiaure 3 

Figure 4 
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PERFORMANCE OF NON-COCONUT BASE 
ADSORBERS IN REMOVAL 

OF IODINE AND ORGANIC IODIDES 

R.D. Rivers, Mohiuddin Pasha, Evans E. Fowler, and J.M. Goldsmith 
American Air Filter Company, Inc. 

Louisville, Kentucky 

ABSTRACT 

Systems for the removal of radioactive iodine and organic iodides have 
used impregnated coconut shell activated carbons almost exclusively. Coconut shell 
carbons have some disadvantages: their geographical origin determines their trace 
chemical content; pore structures and impregnant effectiveness are highly dependent 
on activation and impregnation techniques. The authors report laboratory perfor- 
mance of a group of iodine-organic iodide adsorbers using bases other than coconut 
shell carbon. These have been evaluated in conformity with USAEC Regulatory Guide 
1.52 and RDT Ml6 1T. Performance with regard to 13112 and CH31311 penetration and 
high temperature elution have equaled or exceeded both the requirements of Guide 
1.52 and results on typical coconut-shell carbons. Some performance outside Guide 
1.52 ranges is included. Experimental problems in simulated LOCA testing are dis- 
cussed. 

1.0 INTRODUCTION 

Activated carbon derived from coconut shells can have high total surface 
area, and high pore volume which make it the medium of choice, for adsorption of 
many gaseous contaminants. It has long been used in both impregnated and unimpreg- 
nated forms for removal of radioiodine and radioactive organic iodide contaminants. 
However, there are certain disadvantages in using coconut base activated carbons, 
such as (i) base material has to be imported, (ii) the place of origin of the 
coconut shell and growing conditions cause variations in the trace chemical content 
of the carbon and its physical properties, (iii) processing is expensive, and (iv) 
there have been recent shortages. Other bases for adsorption media could overcome 
some of these deficiencies. In the last year, we have investigated several alter- 
nate adsorbers, comparing their radioiodine/iodide removal efficiencies and other 
properties to impregnated coconut shell materials. The results of these tests 
show that non-coconut bases are every bit as effective as coconut bases for this 
service. 

2.0 EVALUATION CRITERIA 

We have used USAEC Regulatory Guide 1.52 [Ref 11 for the basic criteria 
for acceptability of these carbons in nuclear power plant service. Table 1 lists 
acceptable penetrations according to the Regulatory Guide, along with test condi- 
tions for which these penetrations are to be demonstrated. (The Guide does not 
define precisely the combination of temperature and humidity conditions for test; 
those listed are our interpretation of the term "DBA Temperature and Pressure" in 
Table 1 of the Guide. The listed values are believed to be worst-case conditions 
that would be faced by systems inside and outside containment following a DBA 
(Design Basis Accident).) 
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Some variation from the listed 'Retention Test' was made during the 
Loading/ Retention portion of this study. In that portion of the work we sought to 

demonstrate that some non-coconut shell adsorbers could hold more radioactive mat- 
erial than the amount specified by the Regulatory GuideRetention Test (about 5.7 mg 
per test, or 0.12 mg of methyl iodide per g of carbon), yet still pass the pene- 
tration criteria for the Retention test. Details of the conditions for that study 
are given in Section 4.2. 

In addition to the above radioactive contaminant performance criteria, 
Regulatory Guide 1.52 lists physical parameters for acceptable material. Some of 
these can be applied rationally to an adsorber having any base: Particle size 
distribution, hardness, ignition temperature, impregnant leachout. These items 
define the ability of the material to be retained in practical filter cells; to 
operate at reasonable pressure drops; to resist abrasion and vibration; and to 
avoid ignition by radioactive decay heat. The remaining criteria - surface area, 
moisture content, ash content, bulk density, and impregnant content - appear to 
reflect norms for impregnated coconut shell carbons , and are not therefore necess- 
ary criteria for non-coconut bases. 

3.0 TEST EQUIPMENT 

The test equipment used is shown schematically in Figure 1. This conforms 
in its essentials to the equipment described in RDT Ml6 1T [Ref 21. Within the 
pressure vessel it is possible to reproduce the atmosphere predicted to exist in a 
reactor containment under post DBA conditions. 
689 kN/m2 (100 lb/in2). 

The maximum operating pressure is 
Any ratio of air to steam is possible, with temperatures 

up to 150 c. 

Separate feed systems are provided for air, steam, and the two radio- 
active contaminants ( 13112 and CH31311). The radioactive contaminants are 
carried into the system as tagging molecules in supplies of I 
actual percentage of 1311 atoms present is very small, and t e activity is at the E 

and CH3I gas; the 

microcurie level. 

In most tests, the specific gamma activity of the test contaminants is 
such that the carriers provide appropriate amounts of non-radioactive contaminant. 
However, on occasion it is desirable to feed additional non-radioactive material; 
the system is arranged to accomplish this. 

The canisters for holding carbon are shown in Figure 2. Each canister 
holds a bed of carbon 25.4 mm deep and 50.0 rrm in diameter, retained by perforated 
metal screens. These screens can be removed for emptying the carbon and cleaning 
and decontaminating the canister. A 3 mm wide baffle ring at each screen elimin- 
ates by-pass of the carbon bed along the canister walls. Up to fourteen of these 
canisters can be stacked together in our rig, to allow testing of deeper beds. 
Adjacent canisters are sealed together with O-rings, to eliminate leakage. Four 
tie-rods pass through the canister walls to provide clamping force. 

The assembly of canisters to be tested is mounted inside the pressure 
vessel which is insulated and temperature controlled. Downstream of the test posi- 
tion lie the main condensers (to reduce test gas humidity before it reaches the 
backup beds) and the backup assemblies. These assemblies are essentially identical 
to the test canister assembly; their canisters, loaded with a carbon of known per- 
formance, can also be disassembled for gamma counting at the end of a test. Down- 
stream of these beds is a safety filter, to capture any radioactivity which might 
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pass 'even the backup canisters. 

A moisture separator is in the entrance to the main stream to eliminate 
droplets from the flow at super-saturated conditions. This separator, with assis- 
tance from judiciously placed tape heaters, enables the system to produce conditions 
from essentially zero RH to saturation. Such precautions have eliminated test 
anomalies which appeared in earlier work. 

Each test canister is individually counted for gamma activity before and 
after each test run. The canister count is taken to be the average of three counts, 
properly corrected for background and count-rate effects. Counting of activity is 
carried out by a NaI crystal-scintillometer, using the 0.364 MeV I-131 gamma line. 
The scintillometer consists of two 125 mo diameter crystals with flat faces oppos- 
ing each other. The crystals are separated by 53 mm, a space adequate to allow 
insertion of an entire canister. The outputs of the photomultipliers joined to the 
two crystals are fed through preamplifiers to a single channel pulse height discrim- 
inator. 

The crystal geometry approaches 47~ configuration, but we were concerned 
whether various patterns of depth-loading of the canisters would significantly 
affect the measured gamma activity of the canisters. Runs were made on canisters 
labelled with equal amounts of radioiodine distributed in different ways in the 
filter media, and in water. Table 2 lists the results. The labelled water 
evidently provides some self-adsorption; otherwise, one would expect higher count- 
ing efficiency with so little mass in the surrounding container. The carbon beds 
were surrounded by the rather massive canister (Figure 2) which adsorbed some of 
the radiation. The activity was contained in 5 ml of water in cases 3 - 5. This 
was spread over the upper face of the media and allowed to trickle through the 
media. None of the water passed through the media beds; we assume it was distribu- 
ted with maximum concentration at the surface. Case 5 was the same carbon and 
activity as case 4, stirred to distribute activity homogenously throughout the 
media. The tests indicate that distribution is relatively unimportant, but that 
each media used should be put through a calibration process to determine its effect 
on counting efficiency. Calculated penetrations based on counting of test beds and 
backup beds will otherwise be in some degree of error. 

4.0 TEST PROCEDURES 

4.1 Penetration Tests 

In the penetration tests, there are slight operating differences depending 
on the temperature and humidity conditions. For the peak DBA temperature at high 
(95%) RH, it is necessary to bring the carbon to operating temperature (here ~130 C) 
with ambient low humidity air, then slowly increase the steam flow until the proper 
RH is obtained at the test temperature. A slow increase is necessary to allow the 
carbon to adsorb water and come to equilibrium with the humid air stream, without 
being overheated by the carbon 'heat of adsorption'. This is called the 'equili- 
brium' period. At lower temperatures and humidities, humid air may be used from 
the start, but the equilibration process takes much longer - usually 16 to 24 
hours, for example, at 25 C and 70% RH. 

At the upper range of temperature used, the pressure at saturation is 
about four atmospheres and no reliable direct readout humidity or dewpoint sensors 
are available. It is necessary to weigh condensed moisture and account for any 



13th AEC AIR CLEANING CONFERENCE 



13th AEC AIR CLEANING CONFERENCE 

d BED 'ID .--I 
50.4+0.6 

25.4 
+0.4 - 

I 
I 

ill / I I' I I I 
I I 

+ BAFFLE ID- 
I 44.450.6 I 

LEGEND 

1. Bed Holder 
2. Adsorption Media 
3. O-ring Gland 
4. Perforated Screen (both ends) 
5. Retaining Snap Ring (both ends) 
6. Baffle (both ends) 
7. Holes for Assembly Tie-rods (4) 

FIGURE 2. Adsorption Media Test Bed Holder 

DIMENSIONS MM 

-. ...---“-“- -... “. .-l 
.-.I.-.- -- ,._--_“,_* .,-___ _ _, 



13th AEC AIR CLEANING CONFERENCE 

that is not condensed. The test system is arranged to allow these things to be 
accomplished without test interruption, as is necessary to the Loading/Retention 
tests. 

The calculation of test flows and relative humidity from test parameters 
is straightforward for low-temperature, low humidity runs, but both complex and 
tedious for high-temperature, high humidity runs. It is not permissible to ignore 
such things as gas compressibilities when making these calculations. We have 
followed the relative humidity calculation concepts described in RDT Ml6 1T [Ref 21 
It is not, however, clear from those references how one obtains gas compressibli- 
ties. AAF has set up a step-by-step procedure for doing this, along with algori- 
thms for use in computer coding of the method. The routines of the calculation are 
sufficiently compact so that we have been able to automate them completely on a 
programmable desk calculator (Wang 600-6). 

The system is considered in equilibrium when thermocouples both up and 
downstream of the test beds are within 1 C of each other. After equilibration is 
complete, feed of radioactive contaminant is started, and continues for the re- 
quired feed period. At the end of the feed period, the flow of humid air is 
continued with the test conditions unchanged for the "Elution" period. The flow 
is then stopped, the system allowed to cool, and the beds disassembled for count- 
ing. Penetration is the ratio of count in the backup beds to the sum of counts in 
the test beds and backup beds; Efficiency is (in percent)(lOO%-Penetration). The 
condensed water is also counted, and any activity appearing in it is considered to 
have penetrated the test bed. 

4.2 Loading/Retention Tests 

Regulatory Guide 1.52 requires that a 'Retention Test' be run, as listed 
on line 1.7, Table 1 above. This is identical with 'Efficiency Tests' except that 
during the elution period, temperature is raised to 180 C, and steam flow is dis- 
continued. The specified elution period for the Retention test is 240 min. This 
exposure is intended to simulate heating of the bed by radioactive decay heat. 
Two types of carbon were evaluated by this test. In addition, we made runs to 
determine how much additional contaminant could be fed to the media and still meet 
the 1% penetration criteria for Retention. This was accomplished by a two-step 
test: first, CH3I was fed under the 38 C - 70% RH condition until the integrated 
penetration exceeded 0.5%. This could be done by a continuous run because the 
system includes two parallel backup beds which can be valved in and out of the flow 
alternately. After the CH3I loading needed to reach 'breakthrough' had been deter- 
mined, the test was repeated. About 70% of breakthrough loading was fed before 
switching to 'Elution': Flow temperature was then raised to 180 C and held for 
four hours, in the same manner as the Regulatory Guide test for Retention. 

5.0 CHARACTERISTICS OF MEDIA TESTED 

5.1 Descriptions 

(A,D) Bituminous base, U.S. 
with KI only (<5%, by 

origin. An 8 x 16 USS mesh carbon, impregnated 
wt.) 

(B) Bituminous base, fore 
with KI only (<5%, by 

ign origin, 8 x 16 USS mesh carbon, impregnated 
wt. ) 

(C) Petroleum base, U.S. origin, 8 x 16 USS mesh carbon, spherical, 
impregnated with K13 (25%) by wt.) 
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5.2 BET Surface Areas 

Regulatory Guide 1.52 and many other specifications for adsorbers, use the 
BET-nitrogen surface area of the material as a measure of 'activity'. This may 
well be a significant property of adsorbers for this application; however, it has 
been very difficult to correlate BET surface with penetration. In the course of 
this study, several media samples were subjected to BET surface measurements. The 
values were puzzling enough to us so that we decided to make an inter-laboratory 
comparison on a small sample of one base carbon (Type A). The results are listed 
in Table 3. There is every reason to believe that the laboratories are equally 
competent; the difference in results seems due to differences in the vigor of out- 
gassing prior to surface-area measurement; time is more important than temperature. 
We suggest further study of this matter, to reach an industry standard method by 
which surface area can be measured reliably. 

6.0 TEST RESULTS 

6.1 Penetration Tests: 
Impregnated Carbon, 

U.S. Bituminous-K1 Impregnated Carbon, Petroleum-K13 
and Foreign Bituminous- KI Impregnated Carbon 

Table 4 lists the results of these tests. The penetrations obtained on 
bituminous base KI impregnated carbon were excellent, comparing with the best of 
results obtained on coconut base materials [Ref 31. Petroleum base carbon gave 
lower performance. It should be noted, however, that a considerable time span 
separates tests 12-2, 12-3, 53-4 and 53-8 from test 532-6. The lower numbered 
series of tests were made on a production lot in 1970, while the 532-6 test is on a 
laboratory sample tested in 1974. It is likely that the difference in performance 
represents improved impregnation techniques. 

6.2 Loading - Retention Tests 

Retention tests were run according to Regulatory Guide 1.52 specifications 
on a coconut/K13 carbon and bituminous base /KI, with the results listed in Table 
5. All carbons performed substantially better than the Regulatory Guide require- 
ment. 

TABLE 5. Retention Tests 

Run 

526-6 
526-7 
526-8 
533-5 
524-3 
526-9 
527-l 

Carbon 
Tested 

A 
A 
A 
D 

Coconut 
Coconut 
Coconut 

Total Feed Feed Elution Penetration 
Feed Concentration Period Period (Including 
w/9 mg/m3 min min Elution Per.) 

0.11 1.85 120 240 0.125 
0.13 2.24 120 240 0.25 
0.12 2.03 120 240 0.02 
0.08 1.2 120 240 0.03 
0.07 1.18 120 240 0.026 
0.12 2.06 120 240 0.100 
0.12 2.03 120 240 0.047 

811 
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Comparison runs were made with total feed of CH3I increased considerably above the 
Regulatory Guide condition. The results are given in Table 6. In those runs 
which did not include elution, the holding capacity of the better bituminous (D) 
material is close to that for coconut, and would probably have equaled it if the 
run had been continued to the same penetration. When these runs were extended to 
include 240 min elution at 180 C, the better bituminous (D) was clearly superior 
to the coconut. 

TABLE 6. Loading/Retention Tests 

Run 

Loading Elution 
Carbon w/W I/ Period Penetration 
Tested g carbon min % 

(WITHOUT ELUT ION) 
529-l Coconut 11.9 -- 

530-2 Bitumin A 2.0 -- 

533-5 Bitumin D 8.4 -- 

(WITH ELUTION AT 180 C) 

529-4 Coconut 7.1 240 

530-3 Bitumin A 1.6 240 

533-5 Bitumin D 8.4 240 

0.5 

0.5 

.035 

2.4 

0.767 

0.038 

It appears that some form of chemisorption is in operation on the bituminous base 
carbon surface. Confirmation of this was obtained by studies made with CH31271 
usin 
CH31 i! 

a gas chromatograph. 
7I 

Under conditions which produced almost complete 
penetration (95%) through unimpregnated coconut base carbon (-1500 m2/g 

BET nitrogen surface) the bituminous base carbon (~1000 m2 BET nitrogen surface) 
used in this study (also unimpregnated) gave only 16.7% penetration. 

7.0 ANALYSIS OF TEST RESULTS 

It appears that one U.S. bituminous base carbon tested is at least equal 
in performance to coconut base impregnated carbons and superior to the petroleum 
base carbon tested. Comparison with foreign bituminous base KI impregnated 
carbons is not conclusive because of limited experimental data. 

Our experimental studies indicate that base materials can influence I2 
and CH3I adsorption, confirming Collins' findings. Further studies are being 
conducted to investigate base material influence. 

** 

The authors wish to express their appreciation to Mr. David K. O'Hara for 
his contributions to the experimental work in this study. 
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DEITZ: In table 4, examples are rriven for petroleum 
charcoals where the I2 penetration is greater than that for methyl 
iodide. I have been informed by many investipators that the reverse 
is generally the case and that the problem is to attain efficient 
methyl iodide trapping. Would you comment? 

RIVERS: .-_- Table 4 refers to only four tests made on pet- 
roleum base material. We did not investirate this material thor- 
owhly , but the material showed very poor results in the berinninp. 
I believe there are some inequalities in humidity. The iodine tests 
were run at 139°C in about 93 percent R.H. One of the methyl tests 
was run at lower concentration. The last test in the list is 
certainly a nominal elution period of 120 to 90 min. 

RIVERS? This question is for Ronald Bellamy. All of us 
have been seeking conclusions to as "low as practical". The distur- 
bing tning of this paper is that there isn't any problem,as the 
effluent concentration is near zero. We are told to have better 
and better efficiency. However, the concentration is listed in 
microcuries per milliliter and I cannot find after a very quick 
Perusal of the paper any evidence of the mass concentration of 
the methyl iodide. It is presented in microcuries per milliliter; 
was it used as pure 131? Were there no other isotopes present? 

BELLAMY: --- I started with pure iodine 131, yes. 

RIVERS: Again to my question: I am pointing out that if --- 
this is true, which in your paper is within as "low as practical", 
the problem is solved because as the.concentration roes down, 
efficiency goes up; therefore, do we have to worry about very low 
releases? 

BELLAMY: I would like to make the point that when I 
sta 
10 -5 

teT my research, I personally defined "low" as aoproachiny 
microcuries per milliliter, but since that time I have been 

the Commission's point of view that it is more like 
microcuries per milliliter. Therefore, I was a 

higher than I would define as "low" today. 

RIVERS: Is there any evidence that performance falls 
men you go below the point where you quit testing? 

Not that I know of. I haven't seen any. 

*Mr. Rivers is referring to Dr. Bellamy's paper, no. 8-2 

814 



13th AEC AIR CLEANING CONFERENCE 

ADSORPTION OF METHYL IODIDE ON 
IMPREGNATED ALUMINA* 

I.J.Gal, A.Muk, M.Todorovib, J.Bajnvajn, 
D.Cvjetibanin and Lj.Vujioib 

Boris KidriE Institute and Faculty of Sciences, 
University of Belgrade, Belgrade, Yugoslavia 

Abstract 

The kinetics of adsorption of gaseous aethyl iodide on a ooa- 
meroial aluaina impregnated with various metal nitrate salts has 
beea investigated in a static gas-solid adsorption apparatus, in the 
range 50015O'C. Strerkg ehemisorption of iodine has been noted with 
silver nitrate inpregnation, and to a lesser degree with cadmium and 
lead nitrate. At 1OO'C lead and cadmium nitrate are nearly a8 effi- 
cient in binding iodine as silver nitrate. In the absence of humidi- 
ty, silver oxide is a superior impregnation than silver nitrate. 
Mixed-salts impregnation a8 Ag + Cd are also promising. The decrease 
of the rate of aethyl iodide adsorptioa with iacressiq vapor pres- 

sure of water has been recorded for soae adsorbent& 
Samples impregnated with silver nitrate (7.4 w.$ Ag) have been 

also tested in a dynamic adsorption facility, under various condi- 
tions of humidity, flow-rate and tempsrature of the air atream, at 

high methyl iodide conoentrations. The retention of nethyl iodide 
decreasss strongly with inGreasing humidity and faoe velocity of the 

-Work performed under U.S.Bavironmental Protecrtion Agesmy 

oontract PR-2-516/A-Jl4 (forei@ ourrenoy progrm). 
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air stream, but increases with increa8ing temperature. An improved 
technique of impregnation might be helpful to overcome at least 
partly the adverse sffect of husidity. 

Introduction 

Methyl iodide 18 one of several.radioactire airborne iodine 
apeoies which are presently removed from off-gas atreama by impre- 
gnated carbon adsorbents. Certain disadvantages of carbons stimula- 
ted several research groups to investigate the possible use of in- 
organic adsorbente, particularly silve+exchaqed eeolite o-3 1 , ail- 
ver nitrate impregnated alumosilicate (4) and silicagel (5-6). u- 

though it is generally believed that silver nitrate is the best im- 
pregnation for inorganio adsorbenta, other salts and 8ilver compo- 
unds cannot be entirely excluded, not to mention the broad possibi- 
lity of mixed-ealt impregnation in which a silver ealt is only one 
of the poersible components. 

The present paper is the first part of a study of the kine- 
ties of methyl iodide adsorption on a comserclial alumina adsorbent 
impregnated with the following metal nitrates: Ag, Cu, Pb, Cd, Zn, 
Ni, Co, Ce, Ag + Cu, Ag + Ce, & + Cd. The kinetios of adsorption 
has been studied isothermally at 2-J temperatures in the range 
50.150°C, under static oonditions, in an atmosphere of pure methyl 
iodide and in some case8 in the presence of water vapor. For the 
silver nitrate impregnated base material some retention value8 eb- 
tained under dynamic oonditioas , at various humidities, temperature 
and flow-rates of the air stream are al80 reported. 

Experiment81 

Preparation of adsorbenta. The base material is ALCOA H-151 
activated alumina. Its ehemioal compositions is given in Table I. 



13th AEC AIR CLEANING CONFERENCE 

Specification ot the base adsorbent: Alcoa alumina H -151 

Comporition: 

A L2°3 90.0 54 
No20 I4 % 

Fe2% 0.1 % 

sio, 1.7% 

Loss on ignition I llOO°C) LO% 

Surface area 390 m+g 

Bulk density, packed 531wn3 

Specific gmvity 3.2 

Particle site 0.34 cm and 0.12 cm 

Table I. Specification of base alumina 

TABLE 2 

Table II. Impregnations of alumina 

817 
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The base material is impregnated with metal nitrates by pouring 42 
ml of an aqueous metal nitrate solution over 100 g of dried alumina, 
in a beaker, under constant tumbling. The aqueous solution is cem- 
pletely taken up, yielding surface wet particles, which were dried 
at 170°C, dedusted and analysed. A list of prepared adsorbent8 is 
given in Table II. For experiments under static condition8 always 
the original base material of average particle sise 0.34 cm (98% of 
the bulk within 5-8 mesh) was used. For te8tS under dynamic (flow) 
conditions the base material was crushed, sieved, then the fraction 
oorreaponding to particle sise 0.08-0.16 cm was impregnated with 
silver nitrate (7.4 w.$ Ag) and USed after drying and dedusting. 

Preparation of radioactive methyl iodide. The radioactive CH31 
labelled with I-131 has been prepared from $3 1 I and diaetbyl sul- 
phate according to a standard procedure (7). yields between 80-85s 
have been obtained. The radioactive sample was diluted with inacti- 
ve methyl iodide to obtain a specific activity 8uitable for measure- 
ments. 

Static adsorption. Ths apparatus is shown in Fig. 1. The main 
part is the large rsoipient v8ssel 1 to which the small detachable 
sample tube 2 is connected. Both ari placed in a cylindrical glass 
tube heated by external heating coils and a hot-air blower. This 
aevenm can be operated up to 150°C and thermostated within 2 l-2'C. 
Befor starting an adsorption experiment, vessel 1 and tube 2 oon- 
faining the adsorbent is heated and outgassed, then esmple tube 2 
via valve 13 is disconnected froa the'main vessel 1. In the recl- 
plant vessel a'knowa amount of radioactive CH31 (and in some run8 
also water vapor) is introduced, and after the required constant 
temperature is achieved, sample tube 2 is again connected to vessel 
1. At that mcment the adSOrptiOn of methyl iodide on the sample 
starts. The inoreaae of radioactivity of the sample was measured 
with a g&ma-sointillation counter placed in a collimated lead 

818 
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ho? a,r blower 

1. Recipient vesse: 

$= 
,i; 

2,Somple tube 
Y 

3,Thermostated oven fWassJ 
L. Thermometer 
5S~,nt;itation counter 
6.0ewor f/asks 
7CH31 13’ f/as& 
8.Cold frop 
9,Zcolitc adsorplton tubes 

10. Manometer 
!:.Vacuum hold-up vessel 

12. Stopcocks I2 and 3 ways J 

13-15St0pc0ck.5~ 

- to ratemeter and recorder 

Figure 1. 
Statio gas-solid 
adsorption appa- 
ratus 

-Pump 

Figure 2. 
Dynamic adeorpti- 
on tasting faci- 
lity. 

(1) air inlet, (2) filter, (3) flowmeter, (4) steam generator, 
(5) heater, (6) heatigg tape, (7) Dew-point condenser, (8) we+ 
and dry-bulb thormoaeter, (9) thermocouple, (10) oondensate, 
(11) flowmeter, (12) barometer, (13) by-pasr coadensor, (14) CH I 
sylinder, (15) thermometer, (16) fan, (17) oven? (18) sltainless2 
-steel heat-exchanger, (19) mixing tuba, (20) adeorption tube, 
(21) BBPA filter, (22) adsorbent bed, (23) safety trap, (25) ox- 
hauet. 
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shield. The counter was connected to an amplifier, ratemeter and 
recorder, so that adsorption vs. time curves were obtained. After 
the adsorption was completed, vessel 1 and sample tube 2 were out- 
gassed up to 2.10g4 atm., and the eventual desorption of iodine was 
also recorded. To calculate the absolute amount of adsorbed methyl 
iodide, a standard sample of adsorbent containing a known amount of 
radioactive methyl iodide was placed in tube 2, then measured and 
recorded. In most experiments the initial conditions in terms of par- 
tial pressures at 100°C were 0.09 atm CH31 and 0.05 atm air. 

Dynamic adsorption. The facility is shown in Fig. 2. It is si- 
milar to that described by Wilhelm (5) except that the adsorption tu- 
be is not placed in a liquid bath but in a thermostated oven whioh 
can be operated up to 200°C and thermostated within 2 0.5'C. All 
parts in contaot with gaseous streams are made of glass, stainless 
steel or teflon. The adsorption column is a Pyrex glass tube and the 
front door of the oven has large double glass-walls, so that every 
part of the facility can be visually inspected. With the steam gene- 
rator and the dew-point condenser a desired constant humidity of the 
air stream can be obtained. The relative humidity of the air stream 
in the adsorption tube can be readily calculated from the temperatu- 
re at the outlet of the dew-point condenser and the temperature in- 
side the adsorption tube. To check the operation of the dew-point 
condenser, the wet- and dry-bulb thermometers plaoed near the con- 
denser's air-outlet aan bs used. Ths flow-rate of the methyl iodide 
stream is negligible compared to the maia wst air stream. Before en- 

tering the adsorption column, these two dreams are aixed in a long 
glasrr tube inside the oven. At the top of the adsorption tubs is a 
HEPA filter, then followa a bed of impregnated alumina adsorbent and 
two t&arcoal safety beds. After leaving the oven, the air-stream is 
cooled down to about 18’C in a long condenser and then filtered 
through large charcoal safety beds before being diooharged through 

*ha pump, 
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Static adsorption tests 

Comparison of different impreunations. In Fig. 3. the kine- 
tics of methyl iodide ad8OrptiOn on seven differently impregnated 
base materials is compared under identical condition. In moat ua- 
ses, after 120 minutes of adsorption, the saturation crapacify is 
not reashed. The adsorption is expressed in terms of moles of CH31 
per mol of impregnated 8alt, which is more indicative of the adsor- 
ption efficiency than a weight per weight soale. After 120 minutes 
of adsorption (f'ull line ourves) the whole apparatus was outgasaed 
to 0.1 mm Hg and the desorption (broken lines) recorded. Fig. 3. 
shows that only AgN03 impregnation does not release the adsorbed io- 

dine after outgas8ing. Cadmium and lead nitrate impregnation release 
iodine partially, whereas copper, nickel and cobalt nearly comple- 
tely. This indicates that only silver and to a lesser degree lead 
and cadmium show a strong irreversible chemisorption of methyl io- 
dide, probably by formation of metal iodides. The effect of tempe- 
rature upon adsorption is shown in Fig. 4 and 5. In most cases, the 
adserption increases significantly with temperature up to 100°C snd 
then decrease8 again at higher temperature (ree the 146'C runs). At 

146'C, the highest temperature in our experiments, always a visible 
evolution of iodine vapors at the surface of the adsorbent has been 
noted. The moment of appearance of iodine vapors at the arrfaoe i8 
shown on the curve by an arrow. It is interesting to note that at 
higher temperature the sffioiency of methyl iodide adsorption ie 

ooneiderably increased in the case of cadmium and lead impregnation, 
and only a relativsly small amount of iodine 18 released after out- 
gassing. Thus, at 96'C cadmium nitrate is nearly a8 efficient in 
binding methyl iodide as silver nitrate. However, these result8 are 

relevant only for a gaseou8 phase containing methyl iodide and dry 
air (initial condition8 0.09 atm CH31 and 0.05 atm air), and they do 
not imply a similar behavior in the presence of water vapor. 
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Figure 4. Adrerption on Cd, Zn, Pb and Ag ia- 
pregnated alumina 
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The effect of the amount of impregnation. Fig. 6. shows the 
effeot of the amount of impregnation on the adsorption kinetics. 
Although on a weight per weight basis the adsorption increases with 
the amount of silver nitrate, the true effioientfg in binding aethyl 
iodide, expressed in molea of CH31 per mole of AgN03, is higher for 
the adeorbent containing lese silver nitrate, as Been from Fig. 6. 
in the case of 0.42 and 0.78 millimole Ag per gram- The rate of ad- 
sorption expressed as mg CH 3 I per gram adeorbent per minute ia du- 
ring the first 60 - 80 minutes equal for samples containing 0.42 and 
0.78 millimole AgN03 per gram of adsorbent (Fig. 7.). A possible 
explanation for the adsorption curves in 356. 6. and 7. might be the 
following one. The active outer surface of the particles (not ne- 
cesearillg the inner pores) is in both cases, 0.42 and 0.78 mmolo/g 
impregnation, always saturated with silver nitrate. There is, of 
course, a different concentration gradient from the surface toward 
th8 center of the particle in the two cases, but the Outer surfaoe, 
immediately accessible to CH31, might be maturated with silver ni- 
trate and thuls identical at low and high impregnation. In that case, 
the initial kinetie mechanism is also identical. Let UB assume the 
following initial meohaniam 

K , 

CH I kl k2 
3 (gaa) 'equil. CH31(adla.) diasoc? CH3 + I 

I+ them. react. 

in which the first step is a rapid surface equilibrium, the second 
step a alow dissociation of CH I 3 (note iodine evolution, Fig. 4. and 
5.) followed by rapid chemical reactions. In that case the following 
quasi first-order rate equation $8 obtained: 

i!!!-kg 
dt 1Y (*0 - W) = k (W. - *) 

and after integration 
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Figure 7. 

Influence of the amount of AgN03 
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Figure 8. Kinetios of adeorption. Equation 2 appli- 
ed to 11&pple8 oontaining different amount 
of AgN03 impregnation (56O and 96%) 
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- ln (1 - z ) = kt 
*0 

(2) 

In eq. 1 and 2 W is the amount of CH31 adsorbed in time t, W. is the 
initial amount of CH31 in the gaseoue phase and V 18 the volume of 
the gaaeour phase. Eq. 2 was teated at two temperature8 aa shown in 
Fig. 8. It ~811 be 8een that the agreement 18 fairly gOOd for the 
fret 80 minute8 of the adatorption process. 

Silver oxide and mixed-salt impregnation. Thermodynamic calcu- 
lationr of standard free energy of metal iodide formation from me- 
thyl iodide indicate that silver compound8 are indeed the beart im- 
pregnation for binding iodine, The calculation8 al80 show that eil- 
ver oxide (Ag20) might be a better choice than silver nitrate. Ther- 
modynamic criteria are hardly applicable to a kinetio prooerae; ne- 
verthelesa, it eeened interesting to compare the kinetios of methyl 
iodide adsorption on 8amples impregnated with silver oxide and ni- 
trate. The silver nitrate adsorbent was heated tw@ hour8 in dry air 
at 650’0, then alowly c@oled to ambient teaperature. In that way 
most of silver nitrate is converted into silver oxide. In Fig. 9. 
the nitrate and oxide adsorbent8 are compared under identioal eon- 
ditions at 96@C. It c?an be seen that rrilver oxide 18 romewhat supe- 
rior in terms of adeorption rate and saturation capacity. Silver 
oxide, in oontrart to eilver nitrate, is an insoluble impregnation, 
which 18 an advantage. However, later teats have shown that silver 
oxide 18 superior only in a dry atmo8phcre. In the preoence of humi- 
dity eilver nitrate ia a muoh better impregnation. 

Several mixed-8alt impregnation8 have been teated in the ata- 
tie apparatusr. Among them, the moat promi8ing seems to be a mixture 
of silver and cadmium nitrate. In Fig. 9. thir mixed-salt impregna- 
tion ia corpared with pure 8ilver nitrate at 96’C, in the absence of 

humidity. H@wever, additional experiments under flow condition8 and 
in the prerenoe of humidity are neceaeary to evaluate the performas- 
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ce of mixed-salt impregnations. 
The effect of water vapor. Some adsorbent8 have been tested 

in the static apparatus in the presence of water vapor. In all ca- 
ses the adsorption of aethyl iodide decreaeea sharply (Fig. 10.). As 
dynamic (flow) adsorption experiaents are more meaningful for tes- 

ting adsorbent8 in humid air, further test8 of that type have b8en 

abandoned as 8oon as th8 dynamic facility was available. 

Dynamic adsorption test8 

The facility shown in Fig. 2. ha8 been recently constructed 
and only a small number of tests with a silver nitrate adsorbent 
have been made. The aost sensitive and important part of operation 
in each test is the attainment of Water saturation in the ad8Orb8at 

layer before starting the methyl iodide adsorption. At high humidity 
it is often necessary to preequilibrate the adoorbent with wet air 
for 10 - 15 hours. A sensitive method to check and record the water 
saturation is the measuring of teaperature changes in the bed. ‘That 
was done with a theraooouple and a microvoltmeter. True equilibrium 
is reached when the temperature of the adsorbent is constant and 

equal to the temperature of the oven. If the preequilibration time 
ia too short, usually higher but false retention values are obtai- 

ned. 

All test8 were performed with an adsorbent bed of 5 cm dia. 

and 5 cm deep. The activity of th8 adsorbent and all safety bed8 
(inride and outside the even) as well a8 that of the condensate of 
th8 8eOOnd condeneer wa8 measured and the percent retention calou- 
lated. Eaoh run wa8 mad8 acoording to the following prooedurrt pre- 
rquilibration 4 - 15 hours (depending on the humidity), rethyl io- 
dide adsorption 1.5 hour8 and purge time 2 hours. So far, only run8 
at 36', 50 0 and 90°C at high methyl iodide concentration in the ga- 
seous phase have been made. The results together with the relevant 
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Dinomic adsorption tests. AgNOJ impreg- 
nated olumina(74mY. Ag1, porticlc sire 0.06 -0.16 cm. 
Adsorbent bed 5 cm d x Scm. 

Table III. Dynamic adsorption tests 

data ar8 lietsd in Table III. 
Ths data for 50°C refer to very high airborne methyl iodide 

ooacenkrations (fourth oolumn). They show that relatively high loa- 
dings can be aohieved under favorable conditions, but the retention 
deor8ases sharply when humidity and faoe velocity ie inereased. 

The two series of data for 36'C and 90'0 refer to the cmme fa- 
ce velocity, but to lower airborne methyl iodide concentration. They 
show that the retention at higher hunridities is much higher at 90°C, 
although the trend is somewhat obsoured by the concentration effect. 
More rystematic data are needed to evaluate the perforranoe of the 
adsorbent, although Table III indioates that it is probably lea8 
efficient than some impregnated oharooals. However, the perforsanoe 
of this type of ad8OrbSnt8 depends on the impregnation tsohnique, 
and in thi8 re8peot it io believed that aany improvements are po8- 
sible. It might be aho interesting to explore the possibility of 
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making the surface of the adsorbent water repellent and/or test 
other, less hygroscopic, base materials. 

Further work ia in progress. 
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SHAPIRO: I was wondering whether the lower surface area 
of the alumina base material would be a siRnificant factor in the 
low efficiency presented compared to what we can achieve with 
activated charcoal? 

GAL: I think the humidity is more important. You 
see, we have very good results at low humidity; 99 and more percent 
retention on the same surface. I think the humidity is more 
critical. 

WILHELM: Did you compare your results with results on 
silver.impregnated silica? 

GAL: We have only a few sets of dynamic data at very 
mh concentrations. We shall run at lower concentrations and then 
-I think these data can be compared. I haven't seen any data for 
silica at four or five hundred miligrams per cubic meter. I think 
we have too few data at low concentration to make comparisons. 
Besides, we think we can improve the impregnation. 

WILHELM: If the silver nitrate is decomposed by high 
temperature, you will get silver oxide, but the removal efficiency 
at high temperature will still be the same in air of low relative 
humidity. For example, one can expect very low relative humidity 
in the high temperature atmosphere of an HTR containment after a 
depressurization accident. But, if the filter works fisst at a high 
temperature and then, after a certain cooling time, at low temp- 
erature, it loses some of its efficiency. 

GAL: You mean silver oxide? -- 

WILHELM: Yes. 

GAL: Unfortunately, at low temperature, it's not as 
good as the nitrate. 

DEITZ: Alumina and silica gels are very efficient 
catalytic cracking agents. Since the environment of the contain- 
ment space includes hydrocarbons from several sources, the alumina 
base material could react with these at the higher temperatures and 
reduce surface area and produce inert carbon deposits, as in the 
commercial catalytic units of the petroleum industry. Therefore, 
the life time of the alumina support materials might be considered 
from this point of view for use under actual operating conditions 
of reactors. 
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IODINE SCRUBBING FROM OFF-GAS WITH CONCENTRATED NITRIC ACID* 

0. 0. Yarbro, J. C. Mailen, and W. S. Groenier 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

Abstract 

A new process, named Iodox, for effectively scrubbing all iodine forms from 
off-gas streams with concentrated ( Q 20 M) nitric acid has been developed. This 
process removes all significant iodine species, both elemental and organic, from 
a gas stream by oxidizing them to the nonvolatile iodate form. 

Advantages of the Iodox system for removing iodine from nuclear fuel reprocess- 
ing plant off-gas include: 

1. It is capable of removing kilogram quantities of iodine while delivering 
a concentrated iodine waste stream for permanent disposal. 

2. It is relatively insensitive to the contaminants normally found in a 
reprocessing plant off-gas stream and effectively removes all significant 
iodine forms. 

3. Nitric acid is used in the process; thus no significant chemicals are 
introduced to the plant process or waste handling systems. 

Laboratory-scale studies indicate that iodine retention factors in excess of 
104 for methyl iodide can be obtained in a multistaged bubble-cap column. A small 
engineering-scale demonstration of the complete process, including the iodine 
scrubbing column, iodine waste concentration and solid 1205 handling, and acid 
reconstitution and recycle, is in progress. The flowsheet being used for the 
engineering-scale system demonstration is typical of an application of the Iodox 
process to a fuel reprocessing plant. 

I. Introduction 

Iodine is present in spent nuclear power reactor fuels to the extent of about 
350 g per ton of uranium. The 1311 activity may vary from l.5 Ci/ton for conven- 
tional reactor fuel, decayed 180 days, to IL.3 x 105 Ci/ton for short-cooled Liquid 
Metal Fast Breeder Reactor (LMFBR) fuel. Iodine-129 is present to the extent of only 
0.04 Ci/ton; however, because of its very long half-life (1.6 x 107 years), it must 
be removed from plant effluent streams in a form suitable for permanent storage. 

* Research sponsored by the U. S. Atomic Energy Commission under contract with the 
Union Carbide Corporation. 



13th AEC AIR CLEANING CONFERENCE 

The control and removal of iodine was one of the major problems to be solved 
in developing fuel reprocessing capability for the IMFBR program. An incentive 
exists to reduce the preprocessing decay time for IMFBR fuel, both to reduce the 
inventory charges on the valuable plutonium content of the stored fuel and to 
minimize the fuel cycle inventory and thus shorten the reactor cycle doubling time 
for plutonium. This incentive to reduce decay times, coupled with the trend toward 
minimizing the release of all noxious effluents to the environment, has necessi- 
tated the development of highly efficient removal systems for iodine as well as 
other fission products. The development of a liquid scrubber system for removal of 
iodine using hyperazeotropic nitric acid in the range of 20 M (called Iodox) is 
among the accomplishments of this development program. This paper summarizes the 
status , potential applications, and problems associated with the Iodox system. 

II. Flowsheet Application 

The overall concept of a high-integrity effluent control system for an LMFBR 
fuel reprocessing plant handling 5 metric tons of fuel per day is illustrated in 
Figure 1. This flowsheet uses the Iodox scrubbing system for primary iodine re- 
moval from dissolver off-gas and for secondary iodine removal from vessel off-gas. 
Silver zeolite beds remove the final traces of iodine from the plant effluent gas 
prior to its discharge into the environment. A major fraction of the iodine (95 to 
99%) present in the incoming fuel is evolved in the dissolution and feed preparation 
step and reports to the primary iodine removal system. The Iodox system is used 
here to remove approximately 2 kg of iodine per day with a decontamination factor 
(DF) 0f 105. The iodine that is not evolved from the dissolver solution passes 
into the downstream equipment, from which it eventually finds its way into the 
secondary Iodox system via the vessel off-gas. The mass of iodine reaching the 
secondary system is in the range of 20 to 100 g/day, but a large fraction of this 
total is made up of organic iodine species formed by contact with process organics. 
The Iodox system is particularly applicable for both the primary and secondary 
removal steps because of its capability for removing kilogram quantities of iodine 
while delivering a highly concentrated iodine waste stream for permanent disposal, 
and because of its high efficiency for removing organic as well as elemental 
species. The containment concept illustrated in Figure 1 is for a short-decay 
I&IFBR fuel reprocessing plant where iodine retention factors approaching 109 may be 
needed, and includes a "sealed" process cell concept with very low air inleakage 
and internal recycle of process air and liquids. Application of the Iodox system 
to the removal of iodine from the off-gas of a conventional nuclear fuel reprocess- 
ing plant would be quite similar, with one or more Iodox scrubbers removing iodine 
from the vessel and the dissolver off-gas streams prior to their discharge to the 
environment. 

III. Chemistry of the Iodox System 

The efficiency with which iodine is scrubbed from off-gas streams with hyper- 
azeotropic nitric acid is dependent on the oxidizing power of the concentrated 
nitric acid which converts the volatile iodine species to the nonvolatile HI308 
form. Results of laboratory studies of the kinetics and equilibria involved in 
these reactions and some physical property data of the process solutions are 
summarized here. 

Oxidation of organic iodides, represented in this case by methyl iodide, 
proceeds first by the destruction of the organic iodide as shown by equation (1), 
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followed by the oxidation of the resulting elemental iodine as described below: 

CH3I + 3/2 HILT03 + CH3N03 + l/2 12 + l/2 H20 + l/2 JdNO2 . (1) 

The oxidation of methyl iodide occurs in the liquid phase of the scrubber, and 
the reaction rate constant (k5) varies 

as shown in Figure 2(l). 
as the 32.5 power of the nitric acid con- 

centration, Because of the strong dependence of reaction 
rate on acid concentration, concentrations above 19 M are required for effective 
removal of methyl iodide. 

Kinetic and equilibrium studies (2,3) of the oxidation of elemental iodine 
indicate a two-step oxidation process fitting the relations given in equations 
(2) and (3): 

12 + 4HNO3 2 2If + 2NO3' + N2O4 + 2H20 , (2) 

21+ + 6~~03 + 2NO3- t 2IO3- + 2H+ + 4N204 + 2H20 . (3) 

Reaction (2) proceeds rapidly to produce a nonvolatile I+ species, which is then 
slowly oxidized to HI308. Reaction rate constants for reactions (2) and (3) are 
shown in Figure 3 as kl and k3, respectively. Equilibrium constants for reactions 
(2) and (3) have been determined at 25°C and are defined as: 

= 

2 
'I+ 'N2O4 $0 GO, 

4 
C12 aHNo 

= 9.7x lo-l6 

and 

K3A = 
C103- 

CI+ $02 %o, 

= 2.8 x lo-l6 . 

(4) 

(5) 

The presence of dissolved N2O4 or NO2 tends to reverse the reactions given by 
equations (2) and (3) and thus reduces the removal efficiency of the scrubber. 
Also, the buildup of dissolved N2O4 in the iodine storage tanks will cause re- 
volatilization of removed iodine. 

Solubility of the HI308 in nitric acid sets limitations on the minimum liquid 
flow through the gas-liquid scrubbing column, as well as the extent to which the 
iodine waste stream can be concentrated for interim storage. The solubility of 
HI308 has been determined experimentally over the temperature range 25 to 100°C 
and the HNO? concentration range 12 to 20 M. The experimental data fit empirical 
equation (61 to within ~10%: 

ln S(g ~1308 per liter) = 13.28 - 0.4515 cm0 3 (M) - JJ70/T (OK). (6) 

The solubility of HI308 in nitric acid at 25 and 100°C is plotted in Figure 4. 
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IV. Engineering Development 

Over the past two years, studies have been carried out in small bubble-cap 
columns to optimize the operating parameters of the Iodox scrub column. Some of 
the more significant data are summarized here; in addition, a flowsheet for a 
complete Iodox system demonstration, which is in progress, is described. 

Scoping experiments for the Iodox system were carried out in a 1-in.-diam, 
six-stage, bubble-cap column using 1311-traced elemental or methyl iodide in the 
feed gas. Parameters investigated included the effects of acid concentration, 
temperature, gas and liquid flow rates, and iodine species on iodine decontamina- 
tion factor (DF). The effect of nitric acid concentration on the stage DF for both 
elemental iodine and methyl iodide is summarized in Figure 5. As predicted from 
equilibrium and kinetic data, the DF for each of these iodine forms increases 
rapidly with increasing acid concentration, and acid concentrations above 19 A4 are 
needed for effective removal of iodine. Temperature has little effect on the 
elemental iodine DF over the range 25 to 75°C; however, a significant decrease in 
DF is observed at temperatures approaching 100°C. At acid concentrations above 
18 M, methyl iodide DFs improve significantly as the temperature is reduced from 
75 to 25°C. Figure 6 illustrates the effect of gas flow rate on elemental and 
methyl iodide stage DFs for 18 M acid in the 1-in.-diam column. Similar relation- 
ships hold for higher acid concentrations. Gas flow rates of 150 to 200 lb/hr - ft2 
and acid concentrations of 19 to 21 M appear to constitute the practical operating 
range. 

Two 3-in.-diam columns (1,3) were tested to check the performance of the Iodox 
column on a larger scale. One column consisted of two plates with three metal 
bubble caps per plate and a l-l/2-in. submergence. The second column had seven 
plates with a single glass bubble cap per plate and a 1-l/8-in. submergence. 
Performance data for both of these columns with 20 M HNO3 at a gas flow rate of 
150 to 200 lb/hr . ft2 agreed with data from the l-in. cohm, with CH3I DFs in the 
range of 3 to 4 per stage. At low gas rates (50 lb/hr * ft2) the two columns gave 
significantly different results, probably reflecting differences in gas-liquid 
contact efficiency at low flow rates. The experience to date indicates that stage 
DFs in the range of 3 to 4 for CH3I and 6 to 7 for elemental iodine can be ex- 
pected when operating a bubble-cap column at gas rates of 150 to 200 lb/hr * ft2 
with 20 M nitric acid on the plates. 

In order to demonstrate the complete Iodox system on a small engineering scale, 
the equipment shown in flowsheet form in Figure 7 has been fabricated from 
zirconium and glass and is about ready for operation. Except for scale, this 
equipment is typical of an Iodox system applicable to a large fuel reprocessing 
plant. The Iodox scrubbing column is 3 in. in diameter with six bubble-cap plates 
located below and three above the 22 M acid addition point. The three top plates 
serve to recover acid and to reduce the acid content of the off-gas by scrubbing 
with a small water flow added to the top plate. The acid concentration below the 
feed plate will range from 20 to 21 M. The concentrated acid feed rate is set by 
the larger value determined by the iodine solubility on the bottom plate (~1 g/ 
liter) or by dilution of acid by the water content of the feed gas. Typical acid 
addition rates are 1 to 2 liters of 22 M acid per minute per 100 scfm of feed gas. 
The raffinate from the bottom of the Iodox column is concentrated to about 10 g/ 
liter in the iodine concentrator. The vapor from the concentrator, decontaminated 
from iodine by more than a factor of 1000, is routed to the acid concentration 
tower; the iodine concentrate is pumped to an iodine waste solidification can, 
where it is evaporated to dryness as HI308. After the l3lI has been allowed to 
decay, the iodine solids containing the 12% can be sent to a waste repository 
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for permanent disposal. Vapor from the iodine concentrator is reconcentrated to 
22 M in an extractive distillation column using magnesium nitrate as a dehydrating 
agent. The diluted acid (18 to 19 M) is mixed with 75 wt % magnesium nitrate and 
fed to the distillation column. The upper section of the column serves to concen- 
trate the acid to 22 M, while the lower section strips acid from the diluted 
magnesium nitrate. Excess water, picked up in the column by the magnesium nitrate, 
is evaporated in the magnesium nitrate concentrator, and the magnesium nitrate 
concentrate is recycled to the column. This acid concentration system is in common 
use in nitric acid manufacturing plants. The behavior of iodine in the system 
needs to be determined; also, other possible interface problems unique to the Iodox 
system need to be investigated and resolved. The overall Iodox flowsheet illus- 
trated in Figure 7 will be used to further define operating parameters of the Iodox 
column and to demonstrate the long-term run capability of the entire Iodox system. 

v. Conclusions 

The Iodox system for scrubbing iodine species from nuclear fuel reprocessing 
plant off-gas streams has been developed to the point where an engineering-scale 
system could be designed for removing the kilogram quantities expected to be 
present in typical off-gas systems. Further studies are in progress to optimize 
column operating parameters and to demonstrate acid reconcentration and iodine 
solidification and disposal techniques. Materials of construction which can safely 
accommodate the combination of concentrated nitric acid and various iodine forms 
include zirconium, titanium, and tantalum. Zirconium appears to be the best choice 
when corrosion resistance, cost, and fabrication are considered. 
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FIRST: -^_._ I was struck with the likelihood that you could 
lose considerable quantities of nitric oxide and nitroren dioxide. 

YARBRO: There's no really siEnifi.cant loss of nitric 
oxides from the system if you compare the concentration leaving this 
system to the concentration tilat you zet out of the dissolver. The 
fact of the matter is, we have to remove nitric oxide from the 
feed gas because the nitrous oxide tends to reverse the reaction 
+ Uo form iodine. So we have to reduce NO inlet concentration down 
to a few percent by volume. NO, productton is not significant 
even at high radiation levels. 

DEMPSEY: ____- I was wondering if you have any plans to run 
the system hot, and also, have you considered where to place the 
radioactive isotope for the many years that it takes for it to 
decay? 

YARBRO: We'll run this system with tracers. We hope 
foX?i it not, but to do that, we need a source of iodine. Sooner 
or later we'll get around to it. I don't think it makes much dfff- 
erence how you remove it. One thing I should mention that I 
left out, you don't Guild this s,ystem out of stainless steel unless 
you want to be risky. Zirconium, titanium, or tantalum are options. 
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Abstract 

A computer program, TOOHOT, has been developed to be used in the 
calculation of temperature increases in a charcoal filter when iodine 
is adsorbed in the filter. It employs an implicit computational 
technique and has stability and convergence characteristics which 
make it suitable for calculating temperatures for days of real time 
without excessive amounts of computer time. Calculational results 
are compared with similar results obtained at ORNL and found to give 
lower temperatures. TOOHOT includes the effect of oxidation heating 
which is calculated to be minimal for air velocities in excess of 
4 ft/min and depths of charcoal up to 8 inches. Ignition is cal- 
culated to occur in the instantaneous loading case at an air velocity 
of 4 ft/min. 

I. Introduction 

In 1971 Oak Ridge National Laboratory published a report on the 
effect of iodine decay heat on forced air cooled charcoal adsorbers 
(Reference (1)). Results therein are based in part on a general,. 
heat transfer computer code in which the heat source results Zrom 
an instantaneous or gradual adsorption of a fraction of the iodine 
fission product inventory on the charcoal filter. The direct effect 
of iodine decay heat is used in the heat source term. However, the 
effect of oxidation heating is not included.in the ORNL study. 

CHART, the computer program used at ORNL to calculate the heat- 
ing of charcoal filters, is a general heat transfer program and 
therefore its capabilities far exceed those required to solve the 
charcoal heating problem. The resulting complexity turns out to be 
a handicap in this application because computer time requirements 
are excessive except for the simplest problems and modifications are 
difficult to incorporate into the program. 

A modified explicit technique is used in CHART to calculate tem- 
perature rises in the charcoal. In order to insure stability of the 
calculation an initial time increment of 0.02 min or less is required. 
This restriction limits the use of CHART in analyzing the long term 
heating of charcoal filters in the safety analysis of nuclear power 
plants. 
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In view of these problems with CHART, another program, TOOHOT, 
has 'been developed to calculate the temperature increase in charcoal 
filters when iodine adsorption occurs. The equations, boundary 
conditions and heat source terms are the same as those in use at 
ORNL. An implicit method is used, thereby removing the small time 
increment stability requirement. Every effort has been made to 
keep the program simple, thereby making it easy to follow, under- 
stand and, if necessary, modify. A variety of source terms and 
reduction mechanisms can be introduced so that the effectiveness 
of engineered safety features in reducing the maximum charcoal temper- 
ature can be determined. 

II. Numerical Technique 

Equations and Boundary Conditions 

The one dimensional, time dependent partial differential equa- 
tions which describe the heating of the charcoal filter and the air 
are: 

p % 
a;%‘) - ~~2T(x,t) + Q(x,t) - H(T(x,t) - T’(x,t)) 

a2 

and 

P’Cp ” ’ ’ 8p = H(T(x,t) - T’(x,t)) 

where: 

T(x,t) = 

T’(x,t) = 

x= 

t = 

P= 

p’ = 

cp = 

c’ = 
P 

K= 

Q(x,t) = 

charcoal temperature 

air temperature 

position variable 

time variable 

density of charcoal 

density of air 

specific heat of charcoal 

specific heat of air 

thermal conductivity of the charcoal 

heat source term 

(2) 

H= volumetric heat transfer coefficient, and 

v '= air velocity 

84 6 
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The constants are all specified or evaluated in Reference (1). 
The right hand side of Equation (1) includes the net heat diffusion 
(first term), a heat source (second term) and the heat transfer term 
between the charcoal and air (third term). The heat transfer term 
appears as the source for heating the air in Equation (2). 

Boundary conditions are as follows: 

T(x,O)=T’(x,O) = T, 

T’=(O,t) = T 0 

aT’( L,t) + 
ax I 

(3) 

(4) 

(5) 

(6) 

Equations (3) and (4) state that both the charcoal and air are at 
the ambient temperature, To, initially and that the air inlet temp- 
erature remains constant at To. The fact that there is zero net 
diffusion of heat across the charcoal boundaries is expressed in 
equation (5). Equation (6) states that the air approaches its 
constant temperature outside the charcoal with a continuous spatial 
derivative. 

Difference Equations in Implicit Form 

The partial derivatives in Equations (1) and (2) are expressed 
in difference form, using a forward difference for the partial with 
respect to time, a central difference for the second partial with 
respect to position and a forward difference over a double spatial 
increment for the first partial with res 
(2). The right hand side of Equation (1 P 

ect to position in Equation 
and all of Equation (2) 

are weighted in time with weighting factors of Wl and W2 (Wl + W2 = 1) 
at the existing and subsequent time steps respectively. With j and 
k being the spatial and time indices, Equatfons (1) and (2) can be 
transformed so that the left hand sides contain the unknowns at 
tk+l and the right hand sides are known. 

847 
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The results are: 

;“(Izz)+ ~fkfl (-W~I-I) + Ty(% + w~(s + ‘)) 
j-l 

k+l k+l 

+ T’ (W,H) + T NV2 H) 
i j 

(7) 

03) 

k 

+ T’ (-W,H) + Tk (W,H) + Tlk 
i i j+ 1 

Equations (7) and (8) form a set of equations which can be written 
in matrix form 

AX=B 

848 
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where the column vector X is made up of the nodal temperatures : 

Tl 

Ti 

T2 

x= T-5 
. . 

TJ 

Ti 

The elements of A and B are determined from constants of the char- 
coal-air system and the known temperatures at time tk. Knowing the 
inverse of A, the temperatures at tk+l can be obtained from the 
equation 

X=A-‘B 

where A -l is the inverse of A. Use of this implicit scheme allows 
time increments on the order of minutes, thereby permitting long 
term calculations (days) with reasonable amounts of computer time 
(minutes). 

Application of Boundary Conditions 

At the first and last nodes (x = 0 and x = L) the boundary 
conditions are used to remove the reference to nodes outside the 
charcoal. For the charcoal equation at the first node (j=l) the 
diffusion term 

5 (To -2T, +T, 1 
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reduces to 

and at the last node (j=J) to 

2K 
2 Ax (T J-l - TJ) 

due to the fact that the partial derivatives of the charcoal tempera- 
tures are zero at these points. The air temperature at the first 
node is constant so its equation is 

T, ‘k+l = T, 

For j=2 the air equation is written as 

“‘();” (T,‘-T, ‘) = ; + (T2-T2’) ; 
> 

that is, the heating of the air in moving from node 1 to node 2 is 
based on the average of the charcoal-air temperature difference at 
the two nodes. 

The air temperature at the last node has a continuous spatial 
derivative. From equation (2), it follows that 

T; = TJ 

850 
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These adjustments to Equations (7) and (8) for the respective 
nodes define the appropriate elements of the matrices A and B. 

Heat Source Term and Ignition Criterion 

The charcoal is heated by two mechanisms, iodine decay heat and 
oxidation. The iodine decay heat term is handled in the same way ; 
that it is handled in Reference (1). Oxidation is based on Reference 
(2) and for the oxidation calculations, the oxidation heating is 
given by 

OX = 1.087 X 10’ exp ~,o.+ff)) 

where TA8S is the absolute temperature in t~egr~:~ Kelvin. 

A number of experiments have been conducted at OWL to study 
the ignition characteristics of various types of charcoal. Near 
ignition, all samples were observed to rise in temperature very 
rapidly. This being the case, 
temperature." 

it is difficult to define an "ignition 
Ignition occurs at roughly 600°F but a more practical 

definition of ignition is believed to be the heating rate of char- 
coal per unit mass. In all samples, ignition occurred at a heating 
rate of approximately 15 cal/min-gm of charcoal. 

This criterion, 15 cal/min-gm of char&al, is used in TOOHOT. 
to establish ignition conditions. 

Stability and Convergence 

TOOHOT is stable over a wide range of dx and Bt. A number of 
different calculations have been made with 

0.005 in < Ax < 0.5 in. 

and 

0.01 min < At < 10.0 min. 

Evidence of instability has not been observed within these limits. 

851 
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Convergence considerations cause limitations within the above 
established ranges of Ax and At. Using the parameters listed in 
Table I, the maximum charcoal temperatures given in Table II were 
computed. To limit the differences to less than 1% between the 
computed values for various increments, it is necessary that 

Ax < 0.05 in. - 

and 

At < 5.0 min. 

Note the small requirements for CPU time in these calculations, 
all of which were run for 40 minutes of real time. These were run 
on the IBM 370/60 computer. 
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Table I 

Parameters for stability and convergence computations 

Depth of Charcoal 

Air Velocity 

Ambient Temperature 

Thermal Power 

Face Area of Charcoal 

Delay Time (Instantaneous Loading) 

AX Increment 

At Increment 

Weighting Factor 

2 in 

4 ft/min 

100°F 

3077 MWt 

2800 ft sq 

10 min 

0.005 in2 Ax5 0.1 in 

0.05 minz Ati 10 min 

0.5 
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1%) 
0.005 

0.01 

0.05 

0.10 

0.005 0.5 430 35 17 

0.01 0.5 428 35 9 

0.05 0.5 431 35 6 

0.10 0.5 481 35 2 

0.05 

0.05 

0.05 

Table II 

Results of convergence calculations 

(t!n) 

0.05 

0.05 

0.05 

0.05 

430 

429 

432 

481 

Time 
t 

CPU 
T max mid (Set) 

34 165 

34 85 

34 18 

36 10 

1.0 430 35 2 

5.0 433 35 1 

10.0 45q 35 l/2 
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Input/Output 

The input data are read into a 50 element array and include 
ambient temperature, depth of charcoal, run time, Ax, and At, the 
constants appearing in Equations (7) and (8), the time weighting 
factor, heat source term parameters, reactor thermal power level, 
face area of charcoal, primary containment leak rate, ignition 
criterion, and a parameter to designate instantaneous or gradual 
loading. 

At each designated time step, the temperature profiles for both 
the charcoal and the air are printed. For the nodes in the print- 
out, the iodine heating, oxidation heating and heat transfer between 
the charcoal and air are tabulated. 

Included in these printouts is an energy balance check. During 
the computations the cumulative heat source is calculated and 
stored. At the designated printout time this is compared with the 
net source implied by the temperature changes at each node from the 
ambient temperature to the calculated value. An energy discrepancy 
percentage is printed out. For the various computations, this 
discrepancy varies up to 4%, with the larger discrepancies observed 
for the larger values of AX and At. 

Finally, there is a listing of the maximum charcoal temperature 
at various times. The frequency with which the maximum temperatures 
are found and stored is controlled with an input parameter. The 
calculation is terminated once the maximum for all times has been 
reached. 

III. Computations 

Comparison with ORNL Results 

Reference (1) (Figure 7) gives the results of the temperatures 
that were calculated for a 2 inch charcoal bed, 4 and 20 ft/min 
air velocity and an instantaneous iodine deposition model with a 
10 minute delay time to deposition. The model used, CHART B, is 
more nearly equivalent to TOOHOT. Using the same input data, 
TOOHOT calculates maximum temperatures which are approximately 10% 
lower than those calculated with CHART B. Comparative results are 
shown in Table III. Potential causes for these differences have 
been investigated, namely, 

(i) application of boundary conditions 

(ii) implicit versus explicit method, and 

(iii) stability conditions. 

It is believed that the latter two are the causes of the differences. 
In essence, the stability conditions in CHART B are such that a 
check is made throughout the calculations in an iterative manner to 
ascertain that stability exists for an incremental increase of the 
time increment used. If so, the time increment is increased and the 
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calculation proceeds. The criterion used to determine that the 
time increment is to be changed and the change itself are likely 
causes for the differences. 

As seen in Table III the lower temperatures calculated in 
TOOHOT occur slightly earlier in time than the equivalent TOOHOT 
calculation. The difference in time is about 10% also. 

Table III 

Comparison with ORNL temperature calculations 
(2 inch charcoal depth) 

Air Velocity 4 ft/min 20 ft/min 
T max rime (min) T,,, ((Time (min) 

CHART B 385 36 190 8 

TOOHOT 330 34 175 7 

Difference -55 -2 -15 -1 

% Difference -14 -6 -8 -12 

Iodine Heating with Oxidation 

The effect of various air flow rates with various depths of 
charcoal was investigated. At given depths (2, 4, and 8 inches) 
the air velocity was varied (20, 10, 8, 6, and 4 ft/min) to deter- 
mine the conditions under which ignition might occur. Results are 
shown in Table IV. Input data is the same as that tabulated in 
Table I, and instantaneous loading of iodine is assumed. The 
difference between these and the previous calculations is that 
oxidation is now included in the heat source term. 

In this case the effect of bed depth is the lowering of the 
maximum temperature with increasing depth. Times for these maximum 
temperatures change significantly, being almost proportional to the 
depth of charcoal. For the deeper depths, the energy discrepancy 
becomes smaller since the same charcoal heating source is spread 
over a greater length. Ignition takes place in the calculations 
for 2, 4, and 8 inch charcoal depths. The time of ignition was 
observed to increase with increasing depth of charcoal. 

These results demonstrate two points. First, ignition is cal- 
culated to occur with an air flow of 4 ft/min. Second, with the 
assumed source loading (instantaneous) the increased depth of char- 
coal lowers the maximum temperature but ignition finally does occur. 

--._. _._- ,.. 
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Table IV 

Results showing effect of oxidation 

20 177 6 -2.3 

10 246 14 -2.3 

8 280 17 -2.3 

6 334 23 -2.3 

4 600 (Ignition) 37 -4.0 

20 

10 

8 

6 

4 

4 inch charcoal 

176 

243 

275 

326 

600 (Ignition) 

10 -1.0 

22 -1.0 

28 -1.1 

37 -1.1 

54 -1.2 

20 

10 

8 

6 

4 

8 inch charcoal 

174 

237 

266 

313 

600 (Ignition) 

19 -0.6 

38 -0.6 

48 -0.6 

64 -0.6 

90 -0.8 

T max 

(OF) 
2 inch charcoal 

Time 8 
Tin) 

Energy 

!TiY== 
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Gradual Loading 

This set of calculations was performed with input data that are 
more realistic than those previously used. The latter are more 
representative of filter systems inside of the containment. For 
these cases, the calculations consider filter systems representative 
of an annulus ventilation system or a stand-by gas treatment system. 
In addition, a gradual loading, representative of a primary contain- 
ment leak rate of 0.5% per day is used. 

Input data are shown in Table V. Again, charcoal depths are 
specified at 2, 4, and 8 inches. F&sults.are given in Table VI. 

With the gradual loading used here, a small increase in tempera- 
ture is calculated. With increasing death of charcoal, however, the 
increase is not sufficient to cause ignition. At the lower realistic 
system limit of 4 ft/min air velocity, depth of charcoal has ;I very sxa~l 
effect on temperature up to 8 inches depth. Even at 2 ft/min, tne 
differences are less than 1°F and do not lead to .igniLi.c)n. 

Table V 

Gradual loading data 

Power Level 

Containment Leak Rate 

System Capacity 

Face Area of Charcoal 

Air Velocity 

Depth of 
Charcoal 

Table VI 

Gradual loading results 
(2 ft/min air velocity) 

T max Time @ 

(OF) 
T max 
(days) 

Energy 
IhKpancy +n) 

215.9 13.4 -2.3 1 

216.4 13.4 -1.1 2 

216.5 13.5 -0.6 4 

3600 MWt 

0.5%/day 

2000 CFM 

24 ft2 

4 ft/min 
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IV . Summary 

A new program, TOOHOT, has been developed specifically for the 
computation of temperature increases in charcoal filters caused by 
iodine adsorption. Its stability and convergence characteristics 
are such that long computation times are not required to run calcula- 
tions for days of real time. 

Calculations have been compared with similar calculations con- 
ducted at ORNL with the CHART program. It is seen that TOOHOT 
computes lower maximum temperatures which occur at earlier times. 
The differences are believed to be caused by the different computa- 
tional techniques used in the two programs. 

Under conditions of instantaneous iodine loading, the maximum 
temperature is calculated to decrease with increasing depth of 
charcoal. Ignition occurs at all depths with an air velocity of 
4 ft/min but it takes longer for this to happen in the deeper filters. 

In the more realistic case with gradual loading, calculations 
were performed at an air velocity as low as 2 ft/min. Up to 8 inches 
depth of charcoal, ignition is calculated not to occur. There is, 
however, a very small trend toward a higher maximum temperature for 
the greater depths of charcoal. 

The authors wish to express their appreciation to R A. Lorenz, 
OBJL, and R. B. Codell, AEC, for their advice and assistance in the 
development of TOOHOT. 
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SliAPIRO: -.--- A couple of questions. 
using a one-dimensional 

First, you seem to be 
slab model for your computer code. Have 

you tried to evaluate a two or three-dimensional case to model 
side effects off the slab? 

BERNARD: No, I have not because the work done at Oak 
mge shows that three-dimensional effects are not significant 
except very near the edges. This is discussed in ORNL 4602. 

SHAPIRO: 
loss- 

Second question, have ,vou addressed the complete 
of forced air flow and natural convection heat removal? The 

worst case is a situation not due to blockaKe, but a loss of the 
power to the fan or total loss of air flow. 

BERNARD: I have not investigated this effect. 

SIIAPIRO: I was wondering, if your TOOHOT code can handle 
mFand of calculation or if you intend to address it in subse- 
quent calculations. 

BERNARD: No. The air velocity is an input parameter to 
t-&-f%xputation and does not change during the computation. 

SHAPIRO: -- Do you consider it worthwhile to follow up? 
Is the Commission going to follow up on expanding the capabilities 
of the code to handle the natural convection situation? 

BERNARD: I do not know. There are some things that need 
to be cleaned up in the code before it is released, but we have not 
considered this particular problem. 

DEMPSEY: I am wondering if you checked out actual data 
Zmd by Lorenz on your computer code and how they compared? 

BERNARD: I have these data and intend to do the calcu- 
island compare the calculated results with the experimental 
data. 

FIELDING: I can't help but think of the consequences of 
10,000 pounds of carbon in one bed catching fire. In addition to 
that, I am a member of a group at NRL that is occupied with putting 
out fires with nitrogen. I wondered if the matter of putting out 
fires in these carbon beds with liquid nitrogen, which is cheap 
and available, has been addressed? 

KOVACH: -- This was covered in quite a bit of detail in a 
previous Air Cleaning Conference. Jack Murrow showed movies of how 
you put out fires. 
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WILHELM: I remember this movie that Mr. Kovach pointed 
out was shown at the,llth Air Cleaning Conference. I can't make 
up my mind if it is wise to put water on the charcoal. The char- 
coal starts to ignite, we put water on it, and the charcoal may get 
extinguished this way but you can't use it after YOU pour water on 
it. You can't extinguish the fire without flooding the charcoal. 
Additionally, it may generate hydrogen and by this means cause an 
explosion. What is the sense of putting water on a burning char- 
coal unit? The only thing I really see you could do is to shut 
off the air flow. There would be no supply of oxygen anymore. 
Nobody could rely on a filter which burned so the filter is lost 
anyway. I would like to get some remarks because this fact is 
creating some headaches in my country, We are thinking of chan,ginP: 
from charcoal to inorganic iodine sorption materials in special 
cases because of the danger of losing off-gas filtration after an 
accident, and having an iodine release to the environment in a 
highly populated area. 

MBRROW: Perhaps I should make some comments on that as 
Egas I started it four years ago. The whole experiment started 
with an effort to determine the ignition point of charcoal and had 
very little to do with collect.lon of iodine on charcoal. We 
determined that it was difficult to extinguish a fire in charcoal 
once it ignited. I have cautioned many times that this experiment 
had two important parameters that may have been overlooked ever 
since, One, the experiment was in a system where the air continued 
to flow. Second, it was in a one inch convoluted type of charcoal 
bed that is not extensively used today; at least not in the power 
plant industry. On Thursday afternoon, there will be a discussion 
of this subject. There has only been, as far as I know, one 
large scale experiment to extinguish a charcoal fire after it 
ignited and that was with the air shut off, and with a completely 
different type of charcoal configuration. It is true that once 
you apply water, the impregnant and perhaps the iodine will be 
washed off, but that was not the point of the experiment when it 
was conducted several years ago. 

BURCHSTED: To address this matter of the carbon fire again: 
Jack mentioned water washing out the iodine and impregnants. If 
we ever get close to the ignition point of the carbon, we have lost 
containment for radio-iodine. I think proper attention should be 
given to maintaining temperature below the desorption temperature 
of iodine rather than the ignition point. If we can keep the 
temperature below the desorption point, fire and ignition will take 
care of themselves. 
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